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1. INTRODUCTION 

T h i s  f ina l  report f o r  the Part ic les  & Fields Subsatel l i te  Program i s  
prepared and submitted i n  accordance w i t h  Contract NAS 9-10800, Ex- 
h i b i t  C ,  Paragraph 3.1.6.2, and Document Summary Table Item #9. The 
basic purpose of the program is  to  provide three subsa te l l i t es  w i t h  
one f o r  launch w i t h  Apollo 15, and one for launch w i t h  Apollo 16. 
this time a l l  three subsa te l l i t es  have been completed except f o r  a few 
minor changes, and the F l i g h t  #1 subsa te l l i t e  has been successfully 
placed i n  o r b i t  from the Apollo 15 CSM w i t h  a l l  systems performing 
sa t i s f ac to r i ly .  
March 17, 1972. 
compl eted i ts qual i f i ca t i  on testing . 

A t  

The F l i g h t  2 subsa te l l i t e  i s  scheduled fo r  launch on 
The Qual i f i  cation Uni  t subsatel 1 i t e  has successful ly 
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2. BRIEF SYSTEM DESCRIPTION 
c 

The par t ic les  and Fields Lunar Subsatel l i te  and its mission are  
briefly described on the following pages. T h i s  is done primarily 
through the use of pictor ia l  i l lus t ra t ions .  

The basic P&F mission i s  t o  investigate two fundam 
of space physics: the formation and dynamics o f  t magnet- 
osphere, and the boundary layer of the so la r  wind 
the Moon. The spacecraft system provides a mean2 o f  making measure- 
ments of energeti c par t ic les  and magneti c f i e l  ds 4-i 1 e i n  1 u n a r  
o rb i t  u t i l i z ing  the moon as a large absorber. 7rfie P&F SUbsateHite 
also provides the additional capabili ty of making precise phase-locked 
two way doppler measurements, t h r o u g h  the lunar orbiting subsa te l l i t e .  
This can be done over an extended period of time and without velocity 
correction disturbances. 
mapping of the Moon's gravitational f i e l d  and development of the 
lunar  mass model. 

ems 

over 

Analysis of this doppler data permits 

Figure 1 i l l u s t r a t e s  the mission concept by showing the Earth's 
magnetic f i e l d  a t  the Moon, w i t h  an orbit ing P&F S a t e l l i t e ,  passing 
through the magnetotail. 
the Moon and transmits this data t o  a NASA Earth s ta t ion  when i t  is  i n  
view o f  the s ta t ion .  

The s a t e l l i t e  stores data as i t  passes behind 

Figure 2 pictures the subsa te l l i t e  i n  o r b i t  just after separation fron 
the CSM and after the booms have deployed. 

Figure 3 shows the spacecraft i n  lunar o rb i t  while i t  is  communicating 
w i t h  an Earth s ta t ion .  
s c i en t i f i c  data from the s a t e l l i t e ' s  d ig i ta l  memory and receipt of 
commands for spacecraft control. The s a t e l l i t e  i s  shown w i t h  i t s  
spin-axis and dipole pattern antennas approximately normal to  the 
ec l ip t ic .  
meter, and for most favorable RF linkage w i t h  ground s ta t ions.  
spin-axis i s  aligned by select ively orientating the Apollo vehicle a t  
the time of separation. 

Figure 4 pictures the subsa te l l i t e  i n  lunar orbi t performing i t s  
m i  ssi on, 

Communication includes dumping of stored 

T h i s  a t t i t ude  i s  required f o r  orientation of the magneto- 
The 

Figure 5 is a drawing o f  the s a t e l l i t e  while mated t o  the launch 
assembly and t o  the deployment mechanism which pre-posi t ions the 
s a t e l l i t e  to  the CSFl mold l ine  along guide r a i l s  just p r i o r  t o  
separati on. 
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c Figure 6 i s  a photograph o f  the Fl ight  #1 P&F Subsa te l l i t e  and i t s  
electrical ground suppor t  equipment. 

Figure 7 is a photograph o f  the Flight #1 P&F Subsa te l l i t e  w i t h  two 
solar panels removed. I t  shows the i n t e r i o r  configuration of the 
subsatel 7 i t e  and includes 1 abel s t o  i denti fy the individual boxes. 

Figure 8 shows the subsa te l l i t e  location while stowed i n  the Apollo 
Sc ien t i f i c  Instrument Module (SIM). 
contai ned w i  t h i n  a protective enclosure. 

In this configuration i t  is  

The photographs of Figure 9 i l l u s t r a t e  the prepositioning operation 
which i s  performed jus t  Pr ior  t o  separation. The equipment shown i s  
the High Fidel i ty  Mock-up of P&F Subsa te l l i t e  i n  the NASA/MSC Apollo 
15 SIM Bay Trainer. 

Figure 70 i s  a photograph of the P&F system Mechanical GSE i n  use. 
The subsa te l l i t e  i s  attached a t  both ends t o  the Tnstallation Handling 
Fixture (GSE item) which i s  being used i n  i t s  horizontal configuration. 
T h i s  f ixture i s  providing the means of attaching the subsa te l l i t e  t o  
a l i f t i n g  device and a hydra-set. The s a t e l l i t e  i s  being positioned 
horizontally for attachment t o  the Rotation Fixture (GSE item). The 
Rotation Fixture has been rotated t o  i t s  90" configuration. 
s a t e l l i t e  has just  been moved from the vibration table .  

The sub- 

Figure 11 is  a simplified block diagram of the s a t e l l i t e  system. The 
basic subsystems a r e  the Par t ic les  Experiment Subsystem (PES), Fields 
Experiment Subsystem (FES), Communications and Phase-Lock Tracking 
System, Data Handling and Storage, Sun Sensor and Sectoring Logic, 
Electrical Power, and Structural  and Launch P1 atform. 

Table 1 provides a summary of system features. 

d 
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i 
S-BAND PARTICLES AND FIELDS SUBSATELLITE 

$8.37 
ene ra1  

xagonal pr ism,  14-inch diagonal by 30 inches long 
, approximated 

c&’ounds ~105’pounds, a ! proximated 

Spacecraft size 
Spacecraft w e i g h t  
Total launch weight Orbit -nar (Apollo 

Method of launch 
A t t i  tude s tabi 1 i za t i  on 

Orbit period *_ q3”’’ 119 min. 61% sunlit 

Pay1 oad 

Basic measurements 

Instruments 

Communi cation 

Transponder 
Downlink frequency 
Radiated power 
Transmitted b i t  r a t e  
Modulation 
Telemetry data sub- 

ca r r i e r  frequency 
Up1 ink frequency 
Conmand format 
Conmand subcarrier 
frequency 

Data hand’li ng 

Data storage 
Storage capacity 
Read-in r a t e  
Read-out ra te  
Data dump period 

Electrical  power 

Solar cell array output 

Apollo SIM 
Spin a t  12 rpm, normal t o  ecliptic plane 

Part ic les  and magnetic f i e lds  , Doppler 
Solid s t a t e  detectors 
Electrostat ic  analyzers 
Fluxgate magnetometer 
t % h t r d  $-’-Bad E*fiaplrnde‘‘ 

240/221 phase-1 ocked turnaround r a t io  
2282.5 MHz or  2401221 x U p l i n k  
1 .O watt mim+r+d 
i23 bps &l 
FCM/FSK/PM square wave subcarrier (NRZ-M) 

42,768 Hz 
S-Band (2101.8 MHz) 
!%FN D i  g i  t a l  

70 KHz 

Core memory 1 
49,152 bi ts 
8 o r  16 bps 
128 bps rwdwrl- 
8 minutes 32 seconds 

24 watts a t  17 volts 
11-Cell, 10 A-h 
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3. CHRONOLOGY OF KEY EVENTS 

< MAY 1970 

A. S / C  Hardware Contract Signed 
8. TRt4 PDR - May 14, 15 
C. ATC, Time Zero Subcontracts signed. I. 
D. Zero Gravity Trainer launch platform delivered. 
E. Delivery o f  Q.A., Rel., Safety, CADM, EMC, & Mag. Cleanliness Plans 

JUNE 1970 

A. ATC - PDR on June 4, 5 
B. Time Zero PDR on June 18 
C. Del ivery o f  Zero Gravity Trainer Subsatel 1 i t e  
D. Test f i r i n g  o f  NASA s u p p l i e d  pyro cartridges. 

JULY 1970 

A. TRW CDR - July 14, 15. 
B. Fields Experiment CDR - July 29 

AUGUST 1970 

A. Par t ic les  Experiment CDR a t  ATC - August 4 ,  5 
8. Successful breadboard command decoder compatibility t e s t  a t  

MSC, August 28. 

SEPTEMBER 1970 

A. Mass Model V i  bration tests successful ly completed. 
Bo f ina l  EMC analysis completed. 

OCTOBER 1970 

A. Mass Model deployment t e s t  complete. 
Bo Thermal design & analysis of  o r b i t  performance completed. 
C. Qual, F l i g h t  1, F l i g h t  2 ,  Launch Platform hardware complete, 

Qual Structure complete. 

d 



- 2- 

KEY EVENTS (Con ti nued) 

NOVEMBER 1970 

A, Spacecraft System breadboard t e s t s  completed. 
B. Mass Model Separation t e s t  completed. 
C. F l i g h t  1 ,  f l i g h t  2 structures complete. 
0. High Fi mockup deliveried t o  MSC. 
E. Qualification Decoder, qual Antenna passed 'Qual t e s t s .  
F. BC/S passed acceptance tests. 

DECEMBER 1 9 70 

A. Successful completion o f  IrlSFN compatibility t e s t s  w i t h  qual 
subsa te l l i t e  a t  Houston - December 30. 

B. Qual DSU completed Qual i f fca t ion  Tests 
C. Qual DEU completed Qual i f i  cation* Tests 
D. Qual Transponder comDlete$Qualification Tests 
E. Qual SEU completed *,u%l*ification Tests 
F. F l i g h t  1 SEU completed Acceptance Tests 

s 

JANUARY 1971 

A. Successful completion of MSFN compatibility t e s t  w i t h  qual 
subsa te l l i t e  a t  KSC - January 6. 

EL F l i g h t  1, F l i g h t  2 Decoder completed AcceDtance Tests 
C. F l i g h t  1 ,  Flight 2 DSU completed Acceptance Tests 
D. F l i g h t  1 Transponder completed Acceptance Tests* 
E. F l i g h t  1 ,  Fl ight  2 Antenna completed Acceptance Tests 
F. Qual Flight 1 Flight'2 Solar  Panels completed Acceptance Tests. 

FEBRUARY 1971 

A. Qual, Flight 1 Subsa te l l i t e  outgassing bake complete. 
B. Qual,  F l i g h t  1 ,  F l i g h t  2 Sun Sensors completed Acceptance Tests 
C. Qual Battery completed Qual i f ica t ion  t e s t s  ** 
D. F l i g h t  2 SEU completed Acceptance Tests. 

* F l i g h t  1 transponder re tes ted i n  March 71. 
** A second qual bat tery was b u i l t  and requalified.  

d 
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t. 
KEY EVENTS (Con ti nued) 

MARCH 1971 c 

A. Qual Spacecraft Phase one Acceptance Review (except PES), 
March 8 - March 72. 

B. Flight  1 Transponder r e t e s t  acceptance completed. 
(5. Qual FES (001) passed Qual i f ica t ton  Tests. 
D. Flight 2 DEU (003) completed Acceptance Tests. 

APRIL 1971 

A. F l i g h t  1 Spacecraft Phase One Acceptance Review (except PES), 
Apr i l  6 ,  7. 

6. Qual, Flight 1 Spacecraft Test ppogram i n i t i a t e d  w i t h  inoperative 
h igh  voltage systems (Qual PES engineering model, Flight 1 PES-2-2). 

C. F l i g h t  2 Transponder completed AccePtance Tests. FES 003 passed 
'!super" Qual i f ica t ion  Tests. 

D. F l i g h t  2 FES (S/N 003) ins ta l led  i n  Qual Spacecraft. 
E. Qual FES (S/N 001) ins ta l led  i n  Flight 1 Spacecraft. 
F. Fl ight  1 Battery (005) completed Acceptance Tests. 

MAY 1971 

A.  
B. 
C. 
D. 
E. 
F. 
6. 
H. 

Qual PES completed Qual program w i t h  High Voltage operational. 
F l i g h t  1 PES completed Acceptance program with High Voltage operational. 
Par t ic les  Experiment (PES) Acceptance Review - May 7. 
F1 i g h t  1 Spacecraft completes Acceptance program. 
Qual Spacecraft completes Qual i f ica t ion  program. 
Flight 1 Spacecraft Phase Two Acceptance Review - May 26. 
Flight 1 Spacecraft shipped t o  KSC*- May 29 
Redesigned Battery (006) Qual t e s t s  completed. 

JUNE - JULY 1971 

A. F l i g h t  2 (002) FES completed Acceptance Tests. 
B. Flight 2 (003) Battery completed Acceptance Tests. 
C. Flight 2 PES (2-4) completed Acceptance Tests. 
D. Qual Spacecraft Phase Two Acceptance Review - June 21 
E. Flight  2 Spacecraft Phase One Acceptance Review - June 27 
F. PES Flight 2 Acceptance Review - June 29 
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KEY EVENTS (Con ti nued) 

JUNE - JULY 1971 (Continued) 

6. Final Battery Charge completed on Flight 7 Spacecraft on pad a t  
Cape Kennedy, July 16, 1971. 

H. Flight Two Spacecraft completed Acceptance Test program. 
I Flight  Two Spacecraft Phase Two Acceptance 'Review - July 21 
J. Flight Two Spacecraft put  i n t o  storage - July 23. 

22. 
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L 4. DELIVERY ACCOMPLISHMENTS 

I tem 
No. 

1 

NN 

- 

2 

3 

4 

5 

6 

7 

8 

9 

Hardware del i very accompli shments are tabu1 ated bel ow by Contract 
Item number. The Zero-G Training U n i t  Subsatel l i te  was added via 
Contract Change Authorization #l. 

Contract 
Reference 

E x h i b i t  "A" 
Par. 3.3 

Exhi b i  t "A" 
Par. 3.3 

Exhi b i  t "A" 
Par. 3.2 

E x h i b i t  "A" 
Par. 3.1 

Exhib i t  "A" 
Par. 3.1 

Exhibit "A" 
Par. 3.1 

E x h i b i t  "A" 
Par. 3.1 

E x h i b i t  "A" 
Par. 3.4 

Exhi b i  t "A" 
Par. 3.5 

I t M  - 
Zero-G Trai n i  ng Uni t 
Launch Platform U n i t  

Zero-G Trai n i  ng Uni t 
Subsatel 1 i te 

Hi-Fideli ty Mock-up of 
the Subsatel 1 i t e  i ncl ud- 
ing  Launch Platform 

Flight Launch Platform 
No. 1 

F l i g h t  Subsatel l i te  No. 1 

F l i g h t  Subsatel l i te  No. 2 
Incl udi  ng Launch P1 atform 

F l i g h t  Subsatel l i te  No. 3 
Incl udi  ng Launch P1 atform 
(To be used i n  Qual i f ica-  
t ion Testing) 

Ground Support Equipment 

Test E q u i  pment 

Devel opment Test Model 
(Residual) 

Required 
Del i very 

Date 

5-1 3-70 

6-8-70 

9-1 5-70 

1-1 5-71 

5-7-71 

1-4-72 

5- 28-71 

4-23-71 

A t  Contract 
Completion 

A t  Contract 
Completion 

Actual 
Del i very 

Date 

5-21 -70 

6-8-70 

9-1 8-70 

5- 28- 71 

5-28-71 

Not Yet 
Done 

6-24-71 

5-28-71 

Not Yet 
Done 

Not Yet 
Done 
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5. DOCUMENTATION ACHIEVEMENT 

Achievement of contractual documentation requirements are  described 
i n  this section of the f inal  report, and are presented i n  the same 
order as l i s t ed  i n  the Contract Documentation Summary Table, E x h i b i t  
C ,  by Item Number. 

ITEM 
NO. 

1&2 All P & F Subsatel l i te  Program Contract End Item (CEI) specifications 
together w i t h  required and actual submittal dates,  and l a t e s t  issue 
information, are l i s t ed  below. The Mechanical GSE CEI specification 
was requested a t  a l a t e r  date by MSC, t o  replace EQl-398A and t o  i n -  
corporate a d d i t i o n a l  equipment, and had no specif ic  required submittal 
date. 
on 5 March 1971. 

The f i r s t  and f ina l  Mechanical GSE specification submittal was 

CONTRACT E N D  ITEM SPECIFICATIONS 

Document No. CEI Specification Req'd Submittal Req'd Submittal 
Prelim Final Prelim Final 

SY1-36CISCN-8 P & F Subsatel l i te  System 5/4/70 6/30/70 5/14/70 6/11/70 
EQ1-398A Insertion Fixture 5/4/70 6/30/70 5/14/70 7/13/70 

EQ1- 408NC Mechanical GSE no required dates 3/5/71 3/5/71 
EQ3- 3871) Battery Charger/Simul a tor  5/4/70 6/30/70 5/14/70 6/11 /70 
EQ15- 2A High Fideli ty Mockup 5/4/70 6/30/70 5/14/70 7/13/70 
EQ15- 3A Zero Gravi t y  Trainer 5/4/70 6/30/70 5/14/70 7/13/70 

(Superceded by EQl-408) 

- Enqineering Chanqe Proposals- (ECPs) are  called o u t  i n  the  Contract on 
an "as required'' basis. 
mittal  dates,  are  l i s t e d  on the attached ECP table.  

All ECP's t o  date,  together w i t h  t he i r  sub-  

- Specification Chanqe Notices (SCN's) are called o u t  i n  the Contract 
on an "as required" basis ,  w i t h  both preliminary and f i n a l  submittals 
listed on the attached SCN table. 

Specification Change Logs are  called fo r  i n  the Contract on an "as 
required" basis. 
liminary and f inal  SCN, and are included i n  each affected specifica- 
tion immediately a f t e r  the t i  t l  e page. 

These have been submitted as par t  o f  each pre- 
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ECP SUMVARY LIST 

ECP # 

' 001 . 
002 

.'; 002A 

I___ 

(. 

003 
004 
005 
006 
007 

i 

I _  

008 . 
1 

.* 009 ' 
J 

8, 010 

b 01 1 
01 2 PQ4 

I 013 
I 014 

01 5 
016 ' 
016 Mod 
01 7 
01 8 

01 9 
020 
021 
022 
022A 
023 
024 
025 
026 e, 

; 027 

029 
0 30 
031 
0 32 
033 
034 

DATE 

8/26/70 

- 
I 

* 
9/ 3/70 
8/7/70 
8/21/70 
9/22/70 
9/22/70 
2/5/71 

2/25/71 
10/23/70 
3/2/71 
1/26/71 
12/9/70 
1/28/71 
3/9/71 
7/21 7 1 
21261 71 

8/27p I 
4/9/71 

3/1!/71 

4/19/71 
4/22/71 
4/ 19/ 71 
4/19/71 
511 3/71 
4/29/71 
511 2/71 
5120171 
5/22/71 

q w 7  
Not Used 
7/16/71 
6/21/71 
9/ 1 /71 
9/24/71 
10/4/71 

TITLE 

Sunshades fo'r Analyzers 
Attitude Determination System 
Atti tude Determination System,Rev.A 
Antenna Phase Measurements 
Subsatel 1 i t e  Changes 
Antenna Hat ii Radome 
Automati c Transmitter Turnoff 
Additional Launch S u p p o r t  for 

Subsatel 1 i t e  Test Tape 
Expanded Test Program 
S'ubs ate1 1 i t e  Changes 
Product Assurance Changes 
MSFN Compati bi 1 i ty Tests 
Zero Gamma ii ADC Reference Voltages 
Mission,, Study S u p p o r t  t o  NAR 
Sustaining Operation Support 
Magnetometer Changes 
Magnetometer Changes 
F2 Labnch S u p p o r t  
Par t ic les  Analyzer Cali bration a t  

Boom Damper Modification 
Battery Internal Design Change 
Magnetometer Thermal Env. Mod. 
Subsatel 1 i t e  Thermal Changes 
Subsatel 1 i l e  Thermal Changes 
BC/S Changes 
Battery Electronics Cover 
FES Internal Electronics KOD 
PES Re1 i abi 1 i t y  Logi c Change 
PES High Voltage Power SGpply 

Additional KSC Operations S u p p o r t  for Flight 1 
PES HV Power Supply Parts (704 Module) 
DEU Accumulator Design Modifications 
Magnetometer Gain Changes 
Subsatel 1 i te Thermal Redesign for Lower 
Temperature o f  S o l i d  S ta te  Telescopes 

Launch ir'l 

Berkeley 

* 

Parts --- 



P&F SCN SUMMARY LIST 

c- - SCN c 
SCN-l/EV3-12A (Acc. Test Spec) 
SCN-l/EV3-9A (Qual. Test Spec) 
SCN-1/16763-18B (Cert. Plan) 
SCN-1/16763-42A (P&I Spec) 
SCN-2/EV3-12A ( Acc. Test Spec) 
SCN-2/16763-18B (Cert. P1 an) 
SCN-l/SY 1 -36C (ECP-001) 
SCN-2/SY1-36C (ECP-002) 
SCN-3/SY 1 -36C (ECP-016) 
SCN-2/16763-42A (P&I Spec) 
SCN-4/SY 1 -36C (ECP-004) 
SCN-2A/EV3-12A 
SCN-2A/16763-18B 
SCN-2/EV3- 9A 
SCN-5/SY 1 -36C (Temp) 
SCN-3/16763-18B (Cert Plan) 
SCN-6/SY1-36C (Update SSD Geom. 

SCN-4/16763-18B (Cert Plan) 

SCN-7ISY 1 -36C (Mag. Repeatabi 1 i ty  

Factor) 

SCN-3/EV3-9A (Super Qual for  FES) 

Deleted) 

SUBMITTAL DATE MSC APPROVAL 
Prelim. 
3/5/71 
3/5/71 
3/5/71 
3/5/71 
4/30/71 
41 30/7 1 
4/30/ 7 1 
4/ 30/ 7 1 
4/30/71 
5/3/71 
5/4/71 
5/12/71 
5/14/71 
5/18/71 
5/25/71 
5/ 26/ 7 1 

6/9/71 
6/9/71 
6/11/71 

6/25/71 
SCN-3/EV3-12B (extended STV f o r  F2) 6/28/71 
SCN-l/l6763-40B (Meas. L is t )  7/20/71 
SCN-8/SY 1 -36C (Doc. Rev. Ltrs . ) 7/20/71 

Final 
6/25/71 
6/25/71 
6/ 25/7 1 
5/21/71 

- 
- 

5/21 /71 
5/21 /71 
5/21/71 
5/21 /71 
5/21/71 
5/26/71 
6/2 5/7 1 
5/26/71 
7/12/71 
6/25/71 

7/8/71 
7/8/71 
7/8/71 

7/12/71 
7/20/71 
8/13/71 
8/13/71 

Date - 
3/19/71 (-37) 
3/19/71 (-37) 
3/19/71 (-37) 
3/19/71 (-37) 
Revision Req'd 
Revision Req'd 
5/14/71 (-65) 
5/14/71 (-65) 
5/14/71 (-65) 
5/14/71 (-64) 
5/14/71 (-65) 
5/25/71 (-75) 
5/21/71 (-70) 
5/25/71 (-74) 
5/27/71 (-80) 
5/27/71 (-81 ) 

6/27/71 (-91) 
6/27/71 (-91 ) 
6/27/71 (-91 ) 

7/2/71 (-94) 
7/13/71 (-97) 
7/27/71 (-L90) 
7/27/71 (-L90) 



I tem 
No. 

6 

- 
Engineering drawings were submitted i n  the form of 35mm microfilm aper- 
ture cards as directed i n  MSC ThlX EEl7/70-122. 
the drawings was provided to  both NASA MSC and KSC i n  "Tab" runs i n  the 
Acceptance Data Packages. Transmittal l i s t s  and periodic summary l i s t s  
of drawing submittals were also made. 
drawings presented i n  approximately 1300 microfilm cards. 
Instrumentation drawings by ATC and Time-Zero ( to  the piece part  level)  
were sent t o  NASA i n  paper print  form. 

Monthly progress reports s tar ted w i t h  the month of  May, 1970 and con- 
tinued through the month of June/July 1971. T h i s  l a s t  report covered 
the month of June p l u s  tha t  portion of July u n t i l  the 23rd, a t  which 
time the formal acceptance testing of Flight #2, and the l a s t  acceptance 
review were completed, and the level of program e f fo r t  was substantially 
reduced to  approximately a sustaining level. The sc i en t i f i c  instrumen- 
tation reports covering ATC and Time-Zero ac t iv i t i e s  were included i n  
the basic report u n t i l  and including the September 1970 report; fo r  
subsequent months the ATC and Time-Zero reports were sent direct ly  t o  
MSC, as requested i n  MSC TWX #EE17/70-122. 
on the 15th of the month following the reporting period. As the pro- 
gram progressed and the documentation 1 oad became very heavy, program 
progress reports were assigned very low prior i ty  because of the heavy 
schedule pressures and many on-site meetings held a t  TRW by NASA, which 
reduced the need fo r  prompt progress report delivery. 

Monthly financial management reports started w i t h  the report due 22 
June 1970, and continued through the report due 22 September 1971. 
These were submitted on NASA 533 forms and included quarterly reports. 
Submittals were required on the 22nd of the month following the report- 
i n g  month, and were typically made on or close t o  tha t  date. 

A complete l i s t i ng  of 

There are approximately 800 
Scient i f ic  

7 

Submittals were required 

8 

9 Preliminary and f inal  versions of the final report were required. The 

The f inal  submi t t a l  was required on 15 November 1971 
preliminary submittal was required on 7 October 1'971 and was made on 
29 October 1971. 
and will be made about 

10 Review minutes were required i n  two par ts ,  A and B, w i t h  Part  B cover- 
i n g  review meeting action item disposition. 
quired one month a f t e r  each review and these were supplied fo r  the f i r s t  
3 reviews, namely the PDR,  June review, and CDR. 
quested tha t  subsequent Part B submittals be replaced by s u b m i t t i n g  
each issue o f  the more frequently updated informal TRW Action Item Log 
which  was done d u r i n g  the remainder of the program. Part A minutes 
were submit ted shortly a f t e r  the meetings to the MSC Experiment Manager 
for preliminary review. 
poration of his suggested changes. 
May 1970 through January 1971 and Part A minutes were submitted for  
each. 

Part B minutes were re- 

Thereafter MSC re- 

Formal submi t t a l s  were made fol lowing i ncor- 
Reviews were held each month from 

, 



11 Reports were required and submitted fol1 owing each Acceptance Review 
as listed below. 

Date Acceptance Review 

318-1 2/71 Qualification U n i t  Phase One C.A.R. 

416-7/71 F l i g h t  #1 Phase One C.A.R. 

5/7/71 PES F l i g h t  #1 C.A.R. 

5126-28/71 F l i g h t  #1 Phase Two C.A.R. 

6121-24/71 F l i g h t  #2 Phase One and Qualification Unit Phase 
Two C.A.R. 

6/ 29- 30/71 

7/21 -22/71 

PES F l i g h t  #2 C.A.R. 

F l i g h t  #2 Phase Two C.A.R. 

12 Acceptance data packages were submitted for  a l l  units (subsystems) and 
spacecraft each a t  the applicable acceptance review. 
changes were ident i f ied d u r i n g  the reviews and subsequently incorporated. 
Data packages are  l i s t e d  on an attached table  together w i t h  the submittal 
dates f o r  the corrected packages. 

Corrections o r  

13 Material review records were submitted a t  the acceptance reviews as re- 
quired as par t  of the applicable data packages (see Acceptance Data 
Package Summary List) . 

14 The &..l_ure Mode & Effects Analysis (FMEAI- submittal was or iginal ly  
required on 5/4/70 b u t  this was changed by MSC direction t o  be 6/30/70. 
Actual f i r s t  submittal was made 7/1/70. The f ina l  issue is  a B revision. 

15 Failure reports were made on NASA/MSC Failure Investigation Action 
Report (FIAR) forms. 
time of each f a i lu re ,  and as par t  of the applicable acceptance data 
package. Reports were required 24 hours a f t e r  f a i lu re .  In general 
failure reports were telephoned t o  MSC within 24 hours and this was 
followed by an i n i t i a l  submittal of the FIAR form. To date 109 FIAR's 
have been submitted and these are  l i s t e d  i n  the attached 3 page FIAR 
Summary Tab1 e. 

FIAR's were submitted both individually a t  the 
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I tem 
No. 

16 Failure Analysis Reports ( F A R ' S )  were submitted as required as 
par t  of update FIAR's (see FIAR Summary List). 

17 Corrective Action Reports were submitted as par t  of  the f ina l  
FIAR forms (see FIAR Summary List). 

18 Certification Plan submittal was requi red on 6/4/70 w i t h  actual 
f irst  submittal on 6/24/71. The l a t e s t  i s  Revision 3 w i t h  SCN-4. 

19 Development Test P l a n  submittal was required on 6/4/70 w i t h  actual 
f i r s t  submittal on 6/15/70. The l a t e s t  issue i s  Revision B. 

20 Qualif icat ion Test Specification submittal was required 2 months 
pr ior  t o  t e s t .  
issue i s  Revision B w i t h  SCN-3. 

Actual f i r s t  submittal was on 9/15/70. The l a t e s t  

21 Acceptance Test Specification submittal was required 2 months 
m o r  to  t e s t .  Actual f i r s t  submittal was on 9/15/70. The 7 

- l a t e s t  issue i s  Revision B w i t h  SCN-3. 

22&23 Preinstal la t ion Acceptance Test Specifications and Integration 
and Prelaunch Test Reauirements Packacle reauired submittals fo r  
these items were 9/15]70 b u t  this was"de1ayed by agreement w i t h  
MSC ( r e fe r  t o  customer revi ew meeting mi nutes) . Fol 1 owing sub- 
sequent TRW documentation s u p p o r t  a c t i v i t i e s  i t  was agreed w i t h  
Mr. Jack Johnson the MSC Experiment Manager tha t  the requirements 
f o r  Items 22 and 23 had been f u l f i l l e d  by TRW l e t t e r s  #8230.14-52 
and 8230.14-50, b o t h  of 7 December 1970. These provided detailed 
i n p u t s  and corrections to  Mr. Richard Bohlman of NASAjKSC on the 
NASA P & F Subsatel 1 i t e  Pre-1 aunch Checkout document #TCP-KL-6007- 
LM10, dated 27 November 1970, prepared by Grumman Aerospace Cor- 
poration, and to  Mr. George Doland of NASA/MSC on the NASA P & F 
Subsatel 1 i te/MSFN Sys tems Compati b i  1 i ty and Performance Test 
Procedure #HASD No. 0B3069, dated 18 November 1970, prepared by 
Lockheed Electronics Company. 

24825 Qual i f icat ion & Acceptance Test Procedures submi t t a l s  were re- 
uired 2 weeks pr jor  t o  t e s t  (qua l ) ,  and 1 month prior t o  t e s t  9 acceptance). The contract i n i  t i  a1 l y  required only end i tem 

level procedures b u t  submittal of u n i t  level procedures was added 
l a t e r .  Early versions of the more important procedures were sub- 
mitted to  MSC i n  printed paper form for  early review, then again 
when any changes had been incorporated. 
submitted as 35 rnm microfilm aperture cards and updated as 
revisions were made. 
as par t  of the acceptance data packages, 
on the attached u n i t  level and spacecraft level procedure summary 
l ists .  

Subsequently they were 

The procedures were also submitted to  MSC 
Procedures are  l i s t e d  

Procedures by the major subcontractor ATC and Time-Zero 
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HC-00K-01 /l C 
HC-01Q-01 J N C  
HC-06A-01 /A5 
HC-D68-02/B2 
HC-06A-03/A 
HC-06A-O4/A2 
HC-06A-O5/Al 
H C-06 A -0 6 / Pi4 
HC-06C-Ol/A2 

HC-06 C-0 2/A2 
HC-06C-O3/A2 
HC-06 C-04/NC 
HC-OGC-O5/riC 
HC-OSQ-01 /A2. 
HC-06Q -0 2/A7 
HC-OGQ -0 3 / 6.4 

. HC-06Q-O4/A7 
HC-OGT-Ol /A1  
HC-09A-Ol/A5 
HC-09H-Ol /NC 
HC-09H-O2/Al 
HC-09Q-01 / A  

HC-1 2C-0 1 / A 7  
HC-*l2C-02/A2 
HC-12H-01 /A1 
NC-lZH-O2/Al 
HC-12Q-O3/A 
HC-127-01 / A 2  
HC-14A-O1/Al 
HC-148 -01 /A1  
HC-14C-Ol/!i* 
HC-14C-O2/C 
HC-I4F-0 1 /A  
HC-14K-01 /iK 
HC-14K-02/?lC 
HC-14Q-01/61 
HC-14R-01 /wc 
HC-l4R-02/A 
HC-16A-01 /Cl 
HC-1 SA-O2/NC 
HC-16Q-31 /B1 
HC-16Q-O2/NC 
HC-I 7A-01 /A1 
HC-17C-01 /B 
HC-77C-O2/i?C 

f HC-17H-01 /A2 d~-. HC-17Q-Ol/A2 
HC-19H -0 1 / iS C 

6 HC-12A-0 3/A 

P&F UNIT LEVEL TEST PROCEDURES -' 
AVAILABLE IN I4ICROFILM FILE .% 

fl  .. 
P and F Subsatel l i t e  Assembly Magnetic Properties Procedure 
Ordnance Qtlali f i  ca t i  on/Lot Acceptance Test Procedure 
Coxmand Decoder Acceptance Test Procedures 
DEU U n i t  Acceptance Test Procedure, A7 
DSU lhit Acceptance Test Procedure, A4 
S-Band Receiver Acceptance Test Procedure 
S-Band Transmitter Acceptance Test Procedure 
S-Bmd Transpondsr Acceptance Test Procedure 
Command Decoder Functional Test Procedure (Plus Attachment I & 

DEU Functional Test Procedure 
DSU Functional Test Procedure 
Comand DFcoder Functional Board Test 
Functional Test Procedure fo r  the Hat  Assembly 
Comand Dxociar Qua'li f i ca t ion  Test Procedure 
D E U  trni  t Qual i f i  cation Procedure 
CSU U n i t  Qual i f i  cation Test Procedure 
S-Bacd Transpmder Qual Test Procedure 
Functional Test  Procedure fo r  the 0!441 Dipole Array Antenna 

S-Eand Transmitter Cal i b ra t i  an Procedure .' 
S-Band Test Transmitter Calibration Procedure 
Gattery Charger Simulator EX1 Qualification Test Procedure 16 
SEV Acceptance T e s t  Procedure, A1 
SEU Functi anal Test Procedure 
Trans?ogder Converter El e c t r i  cat Test Procedure 
DEU Tester  Czlibration P rocahre  
Gal i brat ion Procedure Res1 s t i  ve load  Bank, Converter 
SEU Qual Test Procedure, A1  
SEU Component Select-In-Test Procedure 
Acceptmce Test Procedure, Battery Assembly 
Activation and Formation Procedure, 10 AH Cell 
S o l a r  Pawl Funct iona l  Bench Test 
Functional Bench Test Procedure, Battery Assembly 
Battery fabri cation Test Procedure, A3 
Sol a r  Array Panel b g n e t i  c Properties Procadure 
PeiF Zagneti c Properties Procedtire, Sol a r  Array 
Battery Qualification Test Procedure 

Cost Acceptance and Se1ect;i on, A1 
Piagneti c Fie1 ds Experi nent Acceptance Test Procedure 
Pa r t i c l e s  Experiment Subsystem (PES) Acceptance Te's t Procedure 
Magneti r_ Fie1 ds Experi r e n t .  Qual i f i  ccfi on Test  Procedure 
Pa r t i  c:es Exp2riment Subsystem (PES) Qual i f i  cation Test Procedure 
Sun Sensor Acceptance Test Procedure 
Sun Sensor El ectroni cs Board Functional TP 
Sun Sensor U n i t  Functional Test Procedure 
Sun Sensor O p t i  cal A1 i g t i r e n t  Procedure 
S m  Sensor Qual i f i  cation Test Procedure 
SEU Test Set Cal ibrat ion Procedure 

Attachment I 1) - 

Battery C!?arger/Simulator AccepCance T e s t  Procedure, P&F ..- 

c 

. 
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P&F SPACECRAFT LEVEL TEST PROCEDURES 
LATEST ISSUE LIST 

PROCEDURE 
% NUMBER 

HC-21A-01 
-. 

HC-21 K-01 

HC-2lM-01 

HC-21N-02 

HC-2lN-03 
HC-2lM-04 

HC-21 s-01 

HC-21s-02 

HC-21 S-03 

HC-21 S-04 

- 

HC-21 S-05 

HC-21s-06 
. f _  
L .J' 

_- 

HC-2lT-01 

-I_-- 

- TITLE 

SUBSATELLITE ACCEPTANCE VIBRATION 
Released Version (N/C) 
Rev. A - r?! 
Rev. B - C l ;  C2; C3; C4; C5 
Rev. C - D] 

Rev. A - 81; 82; 63 
MAGNET1 C CLEAN1 INESS MEAS!JREMEMTS 

MEClIANICAL ASSEMBLY & DISASSEIIGLY - A l ;  A2 

LAUNCHER/SUBSATELLITE RIGGING - A1 

HOISTING & tIANDLING 
ST0RP.G E P RCC E I! U R E 

SUSSATELLITE QUALIFICATION VIBRATION 

--- 

Rev. A 

Re1 eased Version 
Rev. A 
Rev. B - C l ;  C2 

INTEGRATION ti FUNCTIONAL TEST 
Rev. A 
Rev. B - C1; C2; C3; C4 ; C5; C6 

BOOM ALIGNMENT 
Re1 eased Version (N/C) 

MASS PROPERT I ES MEASUREMENT 
Released Versicn (N/C) 
Rev. A - B l  

INTEGRATED SYSTEMS TEST 
Released Version ( N / C )  
Rev. A 
Rev. B 
Rev. C 
Rev. D - E l ;  E2; ~3 
Rev. E - Fl  - SUBSATELLITE LIMITED FUNCTIORAL -A I 
Rev. A - B 1 ;  62; 83; B4; B5; B6 
Rev. B - C l  

Rev. A - Bl-; 82.; 83 
- ~ - Rev. B -fCl; C2; C3; C4 

SOLAR THERPIAL VACUUM - A1 ; A2; A3; A4 

- .. 

LEAtAGE RESISTANCE TEST tOR HARNESS 
BATTERY CHA!?GLNS & DlSCH (Il\i SIN) 
R d T T C Q V  rUADCTFIP- 1, n T C f ' U  ItJnT TBI  CTLlil\ 

' DATED - 
3/4/71 
3/17/71 
4/19/71 
4/2 1 /7 1 

2/17/71 

12/2/70 

5/24/71 
.. - 6/8/71 

3/1/71 
3/17/71 
4/19/71 
5/16/71 

12/12/70 
2/24/7 1 

12/4/70 
3/1/71 

12/16/70 
3/1/71 
3/18/71 - 
1 /28/71 
3/22/71 
4/2/71 
4/9/71 
4/30/71 
5/15/71 

4/23/71 

6/14/71 
3/31 /7 1 



26 

27 

28 

29 

30 

31 

32 

submitted i n  printed form, and are  also i n  the acceptance data 
packages. ATC and Time-Zero procedures are  1 i sted below: 

ATC - 
a)  
b) 

ATC PES Acceptance Test Procedure, TP 1141-014 
ATC Subassembly 13 Telescope Electronics Precal i brati  on 
Measurments Test Procedure, TP 11 41 -01 4 

TI ME - Z E RO 

a) T-Z Acceptance Test Procedure, Apol l o  Subsatel 1 i t e  

b) T-Z Cal i brati  on Procedure, Apoll o Subsatel 1 i t e  
Magnetometer, S 10070019 

Magnetometer, S 10070026 

Preinstal la t ion Acceptance Test Procedures requirement was sa t i s f i ed  
by the work described under Items 22 and 23 above. 

Sc ien t i f ic  Instrumentation Cali b r a t i o n  Procedures submi t t e s  were 
required 2 weeks pr ior  t o  cal ibrat ion,  'These are  as follows: 

a )  Foil Calibration Procedure, Parylene N ,  TP 1141-016 
b)  Telescope Subassemblies 11 and 12, TP 1141-11 & 1 2  
c) Curved Plate Analyzer Subassemblies 1 ,  2 ,  3 & 4 
d )  Telescope Noise Coun t ing  Rate Adjustment, TP 1141-017 
e)  Par t ic les  Subsystem Cal i brati  on ,  TP 1141 -01 3 

No item 28 was given i n  the Contract 

Qual i f icat ion Test Reports were to  be submitted by 5/15/71 and 
were submitted as  par t  of the acceptance data packages ( re fer  t o  
the acceptance data package summary 1 i s t )  . 
Calibration Data Reports submittals were required a t  the phase two 
acceptance reviews. 

F l i g h t  #l Subsatel l i te  Calibration Data Report, 

Qual i f icat ion U n i t  Calibration Data Report, 

F1 i g h t  #2 Subsatel 1 i t e  Cal i bration Report, 

Submittals were as follows : 
Submittal Date 

16763-30-01 5 /  26/ 7 1 

16763-30-03 6/16/71 

16763-30-02 7/ 29/71 

Experiment Support Requirements submittal was required to  be made 
a t  the CDR, and actual submi t t a l  was a t  the CDR. 

Spares Requirements was mutually agreed w i t h  MSC as not applicable 
to  the Subsatel l i te  program. 

31 



33-39 Submittal of documentation items 33 through 39 was required t o  be 
5/4/70. However contract go-ahead was not obtained u n t i  1 5/15/70, 
therefore submittals were made a t  t ha t  time, as l i s t ed  below: 

REQUIRED 
DOCUMENT (Latest Revision) SUBMITTAL ACTUAL 

DATE DATE 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Quality Assurance Plan (Rev. B) 5/4/70 5/15/70 

Reliabil i ty Plan (Rev. C )  5/4/70 5/15/70 

Configuration Management Plan ( N C )  5/4/70 5/15/70 

astern Safety PlaUNC) 5/4/70 51’1 5/70 

EMC Control Plan (NC) 5/4/70 5/15/70 

Magnet? c C1 eanl i ness P1 an ( N C )  5/4/70 5/15/70 

Devel opment Schedule (NC) 5/4/70 5/15/70 

U e n t  List (Rev. B ,  SCN-I) 7/14 (CDR) 7/14/70 

Command Lis t  7/14 (CDR) 5/15/70 

Subsatelli te/NSFN P&I Specification 7/14 ( C D R )  7/14/70 
( R E V .  A SCH-2) 

Operational Data Book requirement i s  considered t o  have been s a t  
i s f ied  by the considerable s u p p o r t  provided t o  NASA MSC, particularly 
to  Flight Operations Directorate (FOD), i n  the form of supply of 
i n p u t  material, review and correction of material, meetings, and 
telephone discussions by both the TRW Redondo Beach personnel and 
by the TRW resident representative a t  MSC, d u r i n g  preparation of 
the MSC documents P&F Subsatel l i te  Systems Handbook, Console Hand- 
book, and others. 

Parts and Materials List submittal was required on 6/30/70, and was 
made on t ha t  date. The l a t e s t  issue i s  Revision C. 

No #. Others important whose submittal was n o t  i n i t i a l l y  required b u t  was 
added l a t e r  included the subsystem equipment specifications as l isted 
below ( l a t e s t  issue i s  show): 
Subrrystem Level Equipment Specifications 
EQ3-290 NC Battery Assembly, P&F 
EQ4-892 D Par t ic les  Experiment Subsystem, P&F 
EQ4-893 D 
EQ4-918 NC Command Decoder, P&F 
EQ4-919 NC Digital Electronics U n i t  (DEU) P&F 
EQ4-945 B 
E44-955 NC 
EQ4-957NC/SCN-1 Sun Sensor U n i t , . P & F  
EQ4-959 NC 
EQ4-960 NC Antenna Assembly, P&F 
EQ4-973NC/SCN-2 Transponder Converter, P&F 
SS6-33NC S-Band Transponder, P&F 

Fields Experiment Subsystem, P&F 

D i  p l  exer , P&F 
Data Storage U n i t  (DSU), P&F 

Spacecraft E l  ectroni cs U n i t  (SEU) , P&F 

.I 



6. TECHNICAL PROBLEMS ENCOUNTERED c.2 
Technical problems which were encountered dur ing  the P & F program to-  
gether w i t h  their solutions are  detailed and reported t o  the MSC on 
Failure Investigation Action Reports (FIAR's). These a re  tabulated 
herein on an attached table.  
serious a re  l i s t e d  below and subsequently described i n  some de ta i l .  

The problems considered t o  be the most 

Most Serious Technical Problems 

PES High Voltage Problem 
Spacecraft Thermal Design 
Boom Failure 
Boom Damper Leakage 
Battery Case Redesign 
D i  ode, Rep1 acement 

6.1 PES HIGH VOLTAGE PROBLEM 

,-- 

I 
L_. 

The most serious technical problem i n  the P & F Subsatel l i te  program 
involved arc-overs i n  the Particles Experiment Subsystem (PES) h i g h  
voltage supply. 
vacumm portion of the PES u n i t  level qualification tes t ing.  
on March 1 just  a f t e r  receipt  of  the PES S/N 1-1 a t  TRW from the sub-  
contractors ATC, and was detected when the h i g h  voltage dropped t o  
approxjmately one-half of spec value. 
this t o  be a design problem associated w i t h  the p o t t i n g  conipound. 
70% High Voltage module was a completely potted u n i t  which suffered 
voids and cracking of the p o t t i n g  compound opening paths for corona/ 
arcing of the h i g h  voltage t o  ground when the u n i t  was exposed t o  low 
temperature and hard vacuum. In the temperature excursion from the 
curing temperature of Z O O O F  t o  room temperature, a 2% b u l k  shrinkage 
of the C60 material occurs. Subsequent shrinkage occurs du r ing  the 
excursions t o  35°F dur ing  t e s t .  T h i s  same shrinkage occurred i n  other 
ATC h i g h  voltage module applications which had been used successfully 
on other programs b u t  was n o t  as c r i t i c a l  because a substantially small- 
er volume of this material was used. 

This problem was f i r s t  encountered dur ing  the thermal/ 
I t  occurred 

Subsequent investigation showed 
The 

Because of the severe schedule pressures which by this time existed 
i n  the program, a multiple approach t o  the problem was undertaken i n -  
volving a number of potential f ixes .  The eventual solution t o  the 
problem was elimination of  the p o t t i n g  material and s u b s t i t u t i o n  of 
conformal coating. The solution additionally incorporated mechanical 
strengthening o f  the u n i t  through the use of s p o t  bonding  of components 
which became necessary because o f  the elimination of the fu l l  p o t t i n g .  
Solution of  this problem required large expenditures of money, extreme 
compression o f  the overall spacecraft level t e s t  program, and a con- 
siderable period of time w i t h  delivery of the 1st successful PES on 
May 7. 
24 hour usage dur ing  the period, and involvement of h i g h  voltage experts 
from TRW and other organizations. 

Two large TRW thermal/vacuum chambers were relocated t o  ATC for  

rl 



6.2 SPACECRAFT THERMAL DESIGN 

The i n i t i a l  engineering so lar  thermal vacuum tests on the qualification 
subsa te l l i t e  indicated in-orbit  subsa te l l i t e  temperatures s ignif icant ly  
colder than e a r l i e r  predictions indicated, and also indicated excessive 
temperature drop dur ing  the 3 1/2 hour eclipse.  This proved to  be a 
stubborn problem t o  solve and required considerable time and e f for t .  
The solution consisted of many design changes which increased the gen- 
eral  temperature level of  the subsa te l l i t e  and reduced the r a t e  of  
temperature drop by isolat ion of the spacecraft i n t e r io r  from the 
exter ior  surface. The detai l  design changes were as follows. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Transponder stand-offs changed frm a1 umi num t o  f i  berg1 ass. 

Heat s i n k  and thermal insulator w i t h  washer stand-offs added under 
Fields Experiment Subsystem Electronics package. 

Removed white paint from platform #5, the boom brackets, analyzer 
s u n  shades, and connector backet, and thermally insulated the plat-  
form and mounted equipment w i t h  a multi-layer kapton insulating 
bl an ket. 

A l u m i n u m  f o i l  tape was added t o  the outs ide of the en t i r e  DSU and 
i ts  mating platform and the side of the #3 platform facing the DSU, 
the cable clamps on the magnetometer boom, the exposed surfaces of 
the par t ic les  experiment, the outside of  the s u n  shades and platform 
#l between the antenna and base r i n g .  

Fiberglass washers added between the solar  array inser t s  and the 
equipment platform, and under the b o l t  heads attaching the so la r  
array. 

Added a multi-layer mylar blanket t o  platform #1, covering the inside 
o f  the base r i n g  and t o  the outside o f  the fiberglass booms. 
a s ing le  layer of aluminized mylar covering t o  the inside of the 
so l a r  panels . 

Added 

Added a multi-layer kapton insulation blanket wrap to  the central 
portion of the NR-interfacing r a i l  bracket; the exposed r a i l  ends 
were also covered w i t h  aluminized mylar tape. 

The inside of the par t ic le  experiment sun shades were painted black. 
Also added fiberglass stand-off washers between the s u n  shades and 
the curved plate  analyzer, and between bol t  head and the shades. 
Added e lec t r ica l  ground s t raps  between the shades and the analyzer 
housing. The s t raps  were required because of thermal isolation. 

Added balance weight t o  platform #3, to  s t a t i c a l l y  balance the sub- 
s a t e l l i t e  f o r  counterbalancing the changed thermal materials. 

i 
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c 6.3 BOOM FAILURE 

During thennal-vacuum test ing of the F l i g h t  #1 P & F Spacecraft, a 
s t ructural  f a i lu re  occurred i n  the  inboard f iberglass  reinforced plas- 
t i c  tube  of one of the spacecraft balance booms on April 26, 1971. The 
tube had fa i led  a t  a point approximately one foot  from the attachment 
bracket a t  the spacecraft and was hanging downward a t  approximately 90°. 
A second balance boom had a d i s t i n c t  bow i n  approximately the same 
location. The f a i lu re  was of a duc t i le  nature. In the investigation 
the boom temperature dur ing  the t e s t  was calculated as reaching 210OF. 
Also, the boom material was found to  suffer  a shartp reduction i n  
mechani cal properties above 160" F suffi c i  ent t o  resul t i n  the bending 
failure while the l g  environment of an Earth-bound t e s t  chamber is 
applied. 
the zero "g" conditions. 
the time of the f a i l u r e  was aluminum tape covering the f iberglass  tube. 
Corrective action was to  change the thermal covering t o  be an 8-layer, 
1/4-mil thick alumnized Mylar sp i ra l  wrap covered w i t h  a layer of 2-mil 
aluminized Mylar, Mylar s ide  outwards. 
boom temperatures were 29°F a t  the center of the inner segment and 
t h u s  the problem was solved. 

Such fa i lures  would not be anticipated i n  o rb i t  because of 
The thermal configuration of the booms a t  

During the t e s t  a f t e r  the f i x  

6.4 BOOM DAMPER LEAKAGE 

A leak developed i n  the boom damper of the qual i f icat ion subsa te l l i t e  
du r ing  an engineering so lar  thermal vacuum t e s t .  The o i l  was seen i n  
the upper platform inside the boom brackets. 
up i n  FIAR #TRW-PFS-0072 of April 8. 
low coeff ic ients  of f r i c t ion  teflon seal covers of the secondary p i s t o n  
allowing f l u i d  t o  leak past  the O-ring and o u t  of the assembly a t  low 
temperature. These seals  are  located over the O-rings. The cause of 
the damper leakage i s  at t r ibuted to  re la t ive  separation between the 
piston sha f t  and the teflon seal covers which was intensif ied a t  re- 
duced temperatures (see Figure l a ) .  T h i s  is explained by noting tha t  
the piston shaf t  contracts a t  reduced temperatures whereas the teflon 
O-Ri  ng assembly remai ns re1 a t i  vely unchanged 1 eavi ng a small gap. 
The corrective action was t o  remove the teflon sea ls  from the secon- 
dary piston, replace the existing cap w i t h  a new part  which will 
accommodate a s t a t i c  seal against the cylinder and redundant O-Ring 
against the main p i s ton  shaf t .  The cylinder was refaced t o  provide 
fo r  the s t a t i c  sea l .  Lock- 
w i r i n g  of the fi l l-screws and n u t  were removed and epoxy f i l l e t s  were 
added t o  prevent loosening d u r i n g  vibration. These changes were made 
t o  a l l  P & F u n i t s .  

This f a i lu re  was written 
The problem was localized t o  the 

Lock-wire holes were plugged w i t h  epoxy. 



6.5 BATTERY CASE REDESIGN 

Corrosion was found on the F l i g h t  #'I Battery Assembly a f t e r  i t  had 
successfully completed the functional portion of i t s  u n i t  level 
acceptance tests and pr ior  t o  integration i n t o  the Flight #1 sub- 
s a t e l l i t e  (Failure Investigation Action Report (FIAR) #TRW-PFS-0063), 
The corrosion was due to  a small amount of e lec t ro ly te  leakage. 
When the case was opened i t  was found tha t  ce l l  #8 had ruptured and 
had a "y" shaped crack completely across the header. Also c e l l s  7 
and 9 may have had ha i r l ine  cracks. 
the header and using a t racer .  
b u t  had a screwed on cover and was completely f i l l ed  w i t h  an encap- 
sulant. 
the addition of a f iberglass  header onto the c e l l  pack pr ior  t o  en- 
capsulation, and also change of the encapsulant from PR4-2-2 to  the 
l e s s  b r i t t l e  RTV 8113 (PR4-1-1). 

The cracks were found by m i l l i n g  
The case was not hermetically sealed 

The leakage was found under the cover. Corrective action was 

6.6 DIODE REPLACEMENT 

A diode f a i  1 ure occurred d u r i n g  the thermal/vacuum portion of accept- 
ance testing of DSU S/N 001 on November 18, 1970. 
e r ror  segments o f  8 words read "0" I s  instead of "1 'I ' s  every 64 words 
indicating the output data was not the same as the data which had been 
entered. Investigation indicated tha t  two diodes, CR21 and CR58, both 
of the same type (PT4-2311), fa i led  open. 
cal overstressing of the parts by the hi-temp shrink sleeves due t o  i n -  
correct  application of  heat d u r i n g  the manufacturing process. 
the procedure was changed t o  require a closed-loop heat gun,  and the use 
o f  a d i f fe ren t  type o f  sleeving. The analysis was not completely conclu- 
s ive such tha t  there remained the possibi l i ty  t ha t  the cause might  be the 
par t  i t s e l f ,  therefore the type of diode, and the dio e manufacturer were 
also changed as a precautionary measure. All PT4-2311's were replaced by 
FHA 600's (screened by TRW) i n  a l l  f l i g h t  units, and i n  the qual i f icat ion 
u n i t  DSU. T h i s  change was par t icular ly  s ign i f icant  because of the number 
of these diodes used throughout the P & F System. 

A t  +lOO°F 

T h i s  was at t r ibuted to  mechani- 

As a r e su l t ,  
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FIAR 
NO. 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 

. 0009 
001 0 
001 1 
001 2 
001 3 
001 4 
001 5 
001 6 
001 7 

- 

L. .: 
*/ 

'I 
L :\ 

I 

DATE OF 
FAILURE 

1 O/29/70 
10/30/70 
1 1 /03/70 
11 /12/70 
11/18/70 
11 /21/70 
1 1 /24/70 
11/24/70 
1 1 /25/71 
11/27/70 
1 1 /28/70 
11 /30/70 
12/7/70 
1 /7/71 
1 /10/71 
12/30/70 
1 /W71 

0018 1L23/71 
0019 1/27/71 

( 3020 4 2/2/71 
. 0021 

0022 
0023 
0024 
0025 
0026 
0027 

'0028 
0029 
0030 
0031 

2/2/71 
2/2/71 
1/29/71 
211 1/71 
1/27/71 
2/22/71 
2/27/71 
2/27/71 
3/2/71 
2/2/71 
2/18/71 

0031 2/23/71 
0032 3/3/71 
0033 3/5/71 
0034 3/8/71 
0035 1/7/71 
0036 12/4/70 . 
0037 12/11/70' 
0038 1/17/71 
0039 1/20/71 
0040 1/20/71 

i.: 
i ..: 

:. 

TABLE $. TECHNICAL PROBLEMS ENCOUNTERED 

UNIT 
SERIAL NO. DESCRIPTION OF FAILURE 

Rcvr 001 Coherent Drive Level Low 
Xmtr 001 Low Voltage a t  A2Q3 
Rcvr 001 Intermodulation Not 15db Below 
DSU 001 Error Li te-Vi b 
DSU 001 Readout Incorrect, PT4-2371 'Open 
DEU 001 Data Not Shift ing,  C1276 S h o r t  
DSU 001 Error L i  t e  During .X-Vi b 
DEU 001 Incorrect Readout, C'l276 ' s  Shor ted  
Kpndr 001 +28V Current Went t o  Zero 
DSU 001 Improper Vib Inputs 
DSU 001 Memory Address Stopped  
Rcvr 001 
DEU 001 
Batt Pssy 001 
Batt Assy 001 
Xpndr 002 Intermodulation Too High  
SEU 002 Incorrect O u t p u t  
Batt Assy 001 Reverse Current T h r u  S h u n t  
Batt Fssy 001 Regulator Swi tching Errat ic  
Sun Sensor 001 Sensi t ivi ty  @ u t  of Tolerance 
Sun Sensor 003 Sensi t ivi ty  O u t  o f  Tolerance 
Sun Sensor' 004 Sensi t i  v i  ty  O u t  of To1 erance 
DEU 003 Improper Ou t p u t I . +  B & t t  Assy 004 Protection Circuit  Inoperative - 
Antenna 002 Power t o  Acquire i s  High  1 

FES 002 Incorrect Response ,: .. - 1  

PES 001 Potenti a1 Plechani cal Overstress 

7 t 
PES 001 C1-A1 Frequency'Shift - 
PES 001 High Voltage Dropped 
Xpndr 003 Reference TDF! 58471 5 

DEU 003 X-!xis Intermittent O u t p u t  Error 4 

D E U  003 X-Axis Intermittent O u t p u t  
Xmtr 003 Low Power Board O u t p u t  Intermittent 
SEU 003 

Antenna 002 Pattern Repeatability Out-Of-Spec 
Antenna 002 Axial Ratio H i g h  
PES 1-1 Anal #1 - Lack of Electron Coun t ing  * 
PES 1-3 Anal #3 - Test Input Wire Reversed s. 

PES 1-1 Anal #3 - No O u t p u t  From 404 Discriminator 
PES 1-1 Apal #4 - No O u t p u t  From 406 Discriminator '. -& ,  

Threshold Center Frequency H i g h  
Vibration 30" Off Required Axis 
Protection Circuit  Did Not Work 
Protection Circuit  Did Not Work b 

8 .  
F( .j, 

, *  

? 
>/  .. * +  

. "  

e 

Low Voltage Of 0.98 mV; Should  Be 1.00 mV . 8  

: I  FES 003 Noise on O u t p u t  Lines (Time Zero) - -  

. ,?, r 
1 

1 
- ,  

1 

.. + * i - r  

_." 
L + , -  1,". 



-*I, i" rABLE 1 TECHNICAL PROBLEMS ENCOUNTERED (Continued) 

FIAR 
NO. 

004 1 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 

-5 1 
0052 
0053 
0054 
0055 
Q056 
0057 
0058 
3059 
0060 
006 1 
0062 
0063 
0064 
0065 

,0066 
0067 
0068 
0069 
0070 
0071 
0072 

007 3 
0074 
0075 
0076 
0077 
0078 
0079 
0080 

I__ 

<; i 

, r  

DATE OF 
FAILURE 

i /23/71 
1 /25/71 
1/25/71 
2/1/71 
2/3/71 
2/4/71 
2/23/71 
2/23/71 
2/25/71 
3/12/71 
3/15/71 
3/ 22/ 7 1 
3/22/71 
3/24/71 
3/27/71 
2/25/71 
3/21/71 
2/ 18/71 
3/9/71 
3/21 /71 
3/ 28/7 1 
3/28/71 
3/31 /71 
4/3/71 
4/5/71 
4/2/71 
3/19/71 
4/2/71 
11 /24/70 
4/2/71 
4/1/71 
4/8/71 

3/3/71 
4/10/71 
4/10/71 
4/10/7l 
4/13/71 
4/18/71 
4/ 20/ 7 1 
4/21 /71 

t l  

F 

UNIT 
SERIAL NO. 

PES 1-1 
PES 1-1 
PES 1-1 
PES 1-1 
PES 2-2 
PES 2-3 
PES 1-1 
PES 2-2 
PES 2-2 
Antenna 001 
PES 001 
FES 002 
FES 003 
PES 001 
PES 001 
PES 1-1 
PES 1-1 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 

PES 2-2 
PES 2-2 

Ba'tt Assy 002 

Xmtr 003 
Batt  Pssy 002 
FES 001 

SS 001/Batt 001 
SS 001/Batt 001 
SS 001 /Damp. Assy 

ss 001 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 
Bat t  Assy 005 
ss 002 
PES 2-3 

DSU ,001 

4,5&6 

1 .  
'.. .. 

- I  . Y 

- i- :+. 

-. 
1. 

- c  
:* 

DESCRIPTION OF FAILURE 

Anal #3 - Peak Energy Shif ts  Lower 

Anal #3 - No, O u t p u t  from Pjodel 405 
Anal #4 - High Voltage O u t p u t  Incorrect 
Telescope #11 - Shield/Vac. Chamter Resistance Too High 
Anal #1 - Count Pate Problem Due to  Test-Equipment 
Experiment Test Interruptions Due t o  Bad Data 
Experiment PCU Failed 
Experiment DS 2 Shorted 

Experiment 3.75 kv O u t p u t  Shorted t o  Ground 

A t  - 35°F and 2 . 5 ~ 1 0 - ~  Pressure High  Voltage Erratic 
A t  - 78°F and 5x10-8 Pressure High Voltage Erratic 
Mechanical and Electrical  O u t  o f  Spec Condition 

Analog #3 .- +4.6 Volt Line Shorted 
PES - Corona Discharge at Vacuum 
PES - High Volt Incorrect 
PES - Channel A Oscillates a t  PCU Rate 
PES - Fund. s / b  @9mV f o r  DSU t5V i s  54 mV % .  

KOH Seeping From Battery Case 6 -3 

H.V.  Does Not Turn-On and +37V Line Shorted 
H.V.  Er ra t ic  P - 2  

Cell #8 Voltage Low a t  6-e Vibration Test 
Noi s e  Level Above Spec Requirements 

Smoke Was Observed Frbm Battery Assembly (P.42 23 33) 
Battery Assembly 10 & 12 Blown 

Damper Assembl i es Leaki ng @i 1 
Battery Assembly e! DEU BOnd Resistance Over 50G 
P-P Ripple  Spikes & Power Supp ly  Low Volt 

" 

Unable t o  Obtain A1 (3OOV) & (1000) Volts. 

HV Oscil lation a t  -36°F i n  Vacuum 
Board A8, Connect J1, P i n s  34 & 35 Reversed 
Battery Overheated Due t o  Fac i l i ty  Air Cond. Problem 
A3 (Module 403) Has No O u t p u t  

Experiment Model 112 Has No O u t p u t  ., 1_ 

..* 
~ ,? - *  

i +  

. ?  

I 

.* ~ Axial Ratio H i g h  > i '  

Sensor Assembly O u t  o f  Spec + ;*' Sensor Assembly O u t  o f  Spec * + <  

, 

L 
I P 4 .5 No Analog #l Logic O u t p u t  d ' 

t .?7 

e 

4 .  

* 

I -  

-c 

1' 

e, 

. 

s i .  

,I 

HV Arcing a t  -35"F/Vacuum t' . 

I2 - 
, -  

L .  
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'BBLE 1. TECHNICAL PROBLEMS ENCOUNTERED (Continued) 

. < ,  
- I  

.E i 

> I  UNIT - NO. FAILURE' SERIAL NO. DESCRIPTION OF FAILURE 

a081 4/26/71 SS 002/Boom Assy Boom Assembly Arm Bent . 3. * " 

I .  

r ;  
0082 4/27/71 PES 2-3 Telescope B Assembly 12 Threshold Too High 
0083 4/28/71 SS 002/GSE Word 30 Error due t o  GSE Frequency Drift 
0084 5/1/71 PES 2-3 Chassis Gnd. 8 mR S/B >100msL; Anal #l Damaged 
0085 5/4/71 PES 2-3 No CA-HY Due t o  Pod 706 ShiTed Shorting 
0086 4/21/71 .,.- PES 2-3 Analog #3 Mod 403 Noisy or  No Output Due t o  Corona ' ' I  

0087 5/5;/71 A .PES 2-3 Gross Power Consunlption Due t o  Damaged Resfstors 
0088 5/4/71 PES 2-3 Analyzer Plate Voltage O u t  of Spec 
0089 5/9/71 PES 2-2 All Power Went t o  "0" While Approaching Qual. Vib 

0092 5/15/71 SS 001/FES 003 Faulty Calibration Reading Due t o  Cold Solder Jo in t  
0093 5/8/71 PES 2-2 O u t  of Spec Voltages/Spec t o  be Rev. 
0094 5/21/71 SS 002/Batt 

0095 5/20/71 SS 001/Boom Assy 

r r  

0091 (a )  5/8/71 SS_002/DEU 002 DEU Count Error S (A+B) 5 , "  

Assy 005 Fuses F9 & F12 Blown Due t o  Mishandling - 7  . . ,. 

004&005 Lateral Boom Offset O u t  o f  Spec (reqmt too t i g h t )  

EA & E B  0u.b of  Spec Due t o  Operator Error + j ; -  

0096 5j?1/71 SS 001/Batt Assy , I  

001 Fuse F12 Blown Due to  Mishandling " I  

0097 ,,6/13/71 PES 2-4 

UO99 6/12/71 Antenna 004 Incorrect Test Signal From GSE 
0100 6/16/71 PES 2-4 Gl e( 62 Grounds Shorted Due to  Pinched Wire 
0101 6/16/71 PES 2-4 "A" Telescope Exhibits Excess & Errat ic  Noise 
0102 6/22/71 P f S  2-4 A1 & A2 HV Erratic Due t o  Manufacturing Mishandling 
0103 6/24/71 PES 2-4 Calibration PJode Inoperative Due t o  6ad IC , 
0104 6/30/71 PES 2-4 H V  Too Low a t  -25°F Due to  Poor Diode Mounting 

-0105 7/7/71 SS 003/PES PES 5V Line t o o  ' t ow Due -to GSE Line Losses 
0106 7/8/71 SS 003/Batt Pssy I 

Fuses F2 & F 8  Blown Due t o  Hand.ling Accident 
0107 7/19/71 SS 003/DEU 002 No Low Telescope Counts 
0708 7/20/71 SS 003/PES 2-4 High Telescope Counts - Temperature Sensor 

f 98 5/.16/71 SS 001/FES 003 Incorrect Bonding of  Washer t o  S/C 4 

. *  
IT' 

003 
I 

SS 003/DEU 002 No DEU Counts Between 16-31 (ECP #032) I 

I 

i 

4. ,+ .I 

... .r 
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7. SPACECRAFT TEST HISTORY 

7.1 Qualification U n i t  Test History 

On completion of fabrication the main structural  elements of the 
subsatel l i te  (substrates , platforms, booms, e tc . )  were assembled 
toegther for  verification of the mechanical interfaces. The sub- 
satel  1 i t e  was delivered to  the integration and t e s t  1 aboratory 
i n  this assembled s t a t e  on November 25, 1970. Here i t  was d i s -  
assembled on December 2 ,  kits prepared for  a l a t e r  and more com- 
plete assembly, and the substrates sent t o  the solar panel fab- 
rication shop fo r  the mounting and wi r ing  o f  the solar  ce l l s .  

Prior t o  commencing the integration of the Qualification subsa te l l i t e ,  
the top platform (#5) was sent t o  the engineering t e s t  shop fo r  
proof loading of the l i f t i n g  f ixture  mounting inser ts  tha t  a re  
banded into this platform. 

W i t h  the return of  the t o p  p l a t fo rm,  the build-up and integration 
of the subsatel l i te  was started on December 8. The main electr ical  
harness was installed a f t e r  the antenna, transponder subsystem, 
command decoder, Subsatel 1 i t e  Electronics Uni  t (SEU) , and D i  g i  t a l  
Electronics Unit (DEU) had been mounted. 
Digital Storage U n i t  (DSU), the par t ic les  and f ie lds  experiments, 
and a power subsystem severely limited the integration and t e s t  
ac t iv i t i e s .  
experiment power supply d i d  permit integration and t e s t  o f  the 
transponder and partial  data system. 

The absence of  the 

However, the instal la t ion of the "breadboard" par t ic les  

T h i s  testing was completed on December 16 t o  the p o i n t  tha t  the 
subsatel l i te  was capable of being used fo r  a compatability t e s t  
w i t h  the MSFN system. 
December 17 fo r  the f i r s t  p a r t  o f  th i s  compatibility t e s t  and t o  
KSC on January 4 for  the f inal  par t  of the t e s t ,  returning on 
January 9,  
completed u n i t  b u t  was quite satisfactory for  these t e s t s .  
u n i t  employed an engineering model PES and d i d  n o t  contain the DSU, 
Battery Assembly, or FES. These t e s t s  included uplink command 
channel SNR; sub BEP and MRR,  and downlink SNR and BER.  Primary 
concern was general communi cations compatabi 1 i ty w i t h  the MSFN 
ground s ta t ion network, and the ab i l i t y  t o  communicate w i t h  the 
P&F Subsatell i te while i n  lunar orb i t  from stations u s i n g  30-foot 
antennas. The testing a t  MSC indicated operation w i t h  30-foot 
antennas would be marginal. However actual operation of the 
F l i g h t  #1 P&F i n  lunar o r b i t  confirmed satisfact0r.y operation 
w i t h  even the uncooled paramp %-foot sites. 

I t  was transported t o  WSC Houston, on 

The spacecraft used fo r  these t e s t s  was a par t ia l ly  
The 
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en the subsa te l l i t e  was returned t o  the i n t e g r a t i o  
a t  TRN the DSU was available for  in tegra t ion ,  t h i s  was don 

t laboratory 
4 ; 4  un c t i o t i  a 1 

f test of the data system performed, including a compatibility check w i t h  the 
TR4 ground support  equipment (GSE) i .e. the PCM decmmutati on equipment. 

x eriment was the next u n i t  avai lable  for in s t a l l a t ion  and 
this was followed four days l a t e r  by the battery assembly 
I I: 

i .e. bat tery,  charge control el ectroni cs , and s h u n t  assembly, whi ch were 
also integrated.  

returned t o  the  wir ing bench f o r  the in s t a l l a t ion  o f  the separation harness 
and micro-switch assembly. When the in s t a l l a t ion  was completed the e a r l i e r  
portions of the functional t e s t s  were repeated, the battery was serviced, 

or  t o  perforwing fur ther  functional t e s t s ,  t h e  subsa te l l i t e  was 

and "dry runs" tier2 performed on the telemetry cal ibrat ion procedure. ,, m) -/----- -. /<completion o f  these t e s t s  the f ie lds  experimmt (S/N 1 )  was removed- 

/<$? 

T-- 

#*I* 

from the Subsa te l l i t e  and returned t o  the vendor for  r e t e s t  and cal ibrat ion 
checkout a t  UCLA. A t  the same time the sun sensor [S/N 003) was received 
and subsequently i n s t a l  led in the subsa te l l i t e .  

------TKthe course o f  the e a r l i e r  functional tests and on fur ther  battery 
checkout, i t  was found the overvoltage protection c i r c u i t s  were inoperative. 
The battery was removed from the subsa te l l i t e  and rzturned t o  the unit  
engineer for fur ther  investigation. This investigagion shwed t h a t  several 
t rans is tors  i n  the inoperative c i r c u i t  were "blown"' (see T D R  60579). 
was the "engineering rr,odel" battery i t  was n o t  returned t o  the subsa te l l i t e  
but was a t  a l a t e r  date rep1 aced by the actual qual.? f ica t ion  battery (S/n 001). 

the Subsatel l i te  a t  t h i s  time and tne remainder o f  the s u b s a t e l l i t e ,  along 
w i t h  the boom assemblies, ins ta l led  in a thermal-vzcuum chamber and exposed 
t o  a "bake" test* for  60 hours a t  140°F+5 - i n  a vacuam of 5X10-5 torr t o  
out-gas unapproved mater1 alx The so la r  array panz'ls f o r  this subsatel 1; t e  
were alsg expased t o  the  same "bake" t e s t ,  b u t  i n  a separate chamber. 

*?c 
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Y After the "bake" test  the subsa te l l i t e  was fur ther  disassembled t o  

allow rework of the platforms. 
edges w i t h  an epoxy f i l l e r  and d r i l l i n g  vent holes i n t o  i t  when i t  had 
hardened. 
of the plaforms a t  this time. The subsa te l l i t e  was then reassembled and 
f i n a l  ins ta l  lat ion of the available "black boxes" made, including bonding 

This rework consisted of f i l l i n g  the platform 

Inser ts  for mounting balance weights were also bonded i n t o  several d 

- 

resistance measuremeit and torque value ver i f icat ion.  Y l  
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During March the qua l i f ica t ion  battery (S/N 001) and the 
fields experiment (S/N 001) were installed i n  the Qualification U n i t  
subsa t e l l i t e  as they become ava i lab le ,  and w i t h  the a i d  of the "bread- 
board" par t ic les  experiment power supply final integration and 
functional testing o f  the incomplete assembly was s ta r ted .  

While awaiting delivery of the par t ic les  experiment the 
corrosion damaged antenna (known since u n i t  tes t ,  b u t  integrated 
pending further disposit ion) was removed froni the subsatell i t e  and 
replaced w i t h  the antenna (S/N 003) from the F-2 subsa te l l i t e ,  The 
S/N 001 antenna was rzturned t o  the u n i t  engineer f o r  refurbishment. 
Also, during this period the subsa te l l i t e  was ins ta l led  i n  the solar 
thermal-vacuum chamber and used i n  the checkout and "dry run" o f  the 
tes t  set-up. 

When a Particles Experiment (S/N 001) was f ina l ly  received i t  
had an inoperative h i g h  voltage system and only a portion of the 
par t ic les  analyzer functioned, 

the subsa te l l i t e  assembly and integration. A t  this time the f i e lds  
experiment was also changed, w i t h  experiment S/N 001 being replaced 
by experiment S/N 003. I n  parallel  w i t h  this integration ac t iv i ty  
the thermal instrumentation was instal led.  

Therefore the integration o f  this 
experiment was somewhat I irni ted , b u t  i t  d i ~ - ~ ~ - t " - c ~ m p l e ~ ~ t i o _ ?  o,f-- bh 

On completion of an integrated system t e s t  the Qualification 
subsatcll i t e  was instal  1 ed i n  the 30 foot sol ar-thermal -vacuum 
chamber and t he  thermal proof phase of the qualification solar- 
thermal-vacuum t e s t  s tar ted.  T h i s  t e s t  was aborted on the t h i r d  
day when the temperature data indicated unsatisfactory thermal 
conditions w i t h i n  the subsatel l i te .  

the post t e s t  inspection showed small pools of o i l  on the top surface 
of the subsatel l i te .  Further inspection indicated tha t  the o i l  had 
apparently come from the boom damper assemblies. These assemblies L 

were subsequently removed from the subsatel l i te  and sent to an 
engineering t e s t  laboratory for further investigation. The investig- 
ation confirmed the damper leakage and recommended a modification t o  
the damper assembly. 
assemblies re tes ted,  and on verification of the leak t e s t  resul ts  the 
assemblies returned t o  the subsatel l i te .  

When the subsa te l l i t e  was removed from the thermal-vacuum chamber 

T h i s  modification was made, the damper 

In parallel  w i t h  t h i s  work the qualification battery was 
removed from the subsatel l i te  and reworked to  incorporate modifications 
tha t  provided the capabi 1 i ty  to  moni to r  , v i  a "hard1 i ne'' , the battery 
temperature and the shunt curves. Also, the experiment was removed 
from the subsatell-ite and returned to  the respective vendor for  re- 
work; the fields experiment for  a t u n i n g  modification and the par t ic les  
experiment f o r  incorporation of a working h i g h  voltage power supply. 

The qualification subsatel l i te  remained inactive for  a period 
while f w t h e r  thermal proof tests were performed on the Flight 1 sub-  
s a t e l l i t e .  As a resu l t  of these t e s t s ,  major thermal modifications 
were made t o  the qualification subsatel l i te  to  correct i t s  thermal 
design. 
were reinstal led i n  the subsatell i te.  However the rework on the 
par t ic les  experiment had been unsuccessful 
supply was s t i l l  inoperative. 

A t  the same time the reworked battery and par t ic les  experiment 

and the h i g h  voltage power 
Also, as the f ie lds  experiment was a t  

r) 



t h i s  time s t i l l  undergoing r e t e s t ,  a "dummy" experiment, representative 
as a thermal model, was instal led i n  i t s  place in the subsa te l l i t e .  

mi the reassembly of the qual i f icat ion u n i t  subsa t e l l i t e  was followed ' 
by the in s t a l l a t ion  of thermal instrumentation, the performance 
o f  a l imited functional t e s t ,  and f ina l ly  in s t a l l a t ion  i n t o  the 
30 foot  chamber f o r  a repeat t e s t  o f  the thermal proof phase of 
the qual i f icat ion thermal -vacuum t e s t .  

The thermal proof tes t  was discontinued a f t e r  the performance 
of only e i g h t  orbits and an extended ecl ipse where the d a t a  showed 
tha t  the thermal design modificatioRs had been successful in  
correcti  ng the ea r l  i e r  thermal probl ems. The subs ate1 1 i t e  was 
then reinoved from the chamber and the par t ic les  experiment 
and "dumqy" f i e lds  experiment removed from the subsa te l l i t e .  

When the reworked and re tes ted f i  el  ds experiment (el  ectroni cs 
S/N 003 and sensor S/N OO5)were received back from the vendor 
they were re ins ta l led  in  the subsa te l l i t e  and the assembly 
closed-up 
check t o o l  for the performance of a special bat tery service test. 
The t e s t  was t o  es tab l i sh  the l ike ly  temperature margin available 
i n  the SIM Bay when the battery .is being charged and 
discharged in  t h a t  location. 
indicated t h a t  provisions shou ld  be made t o  ensure a 
flow of cool dTy a i r  i n  the SIN Bay t o  keep the sub- 
satel 1 i t e  cool du r ing  battery servi ci ng . 

"bagged" , and mounted horizontally i n  the NAR f i t  

The resu l t s  o f  t h i s  t e s t  

The formal qual i f icat ion test program began when a 
pa r t i  cl es experiment ( S / N Z - Z  1 w i t h  a working h i g h  
voltage power supply was f i n a l l y  received. When this 
experiment was in s t a l  led and integrated,  the f i e lds  
experiment was also fu l ly  integrated,  functional 
tes t ing completed, power prof i le  measurements and 
t e l e m t r y  cal i brations repeated, and the subs atel  1 i t e  
closed-out . 
mentation was in s t a l l ed  and f ina l  minor thermal modi- 
fications made t o  "trim" the thermal design f o r  the 
requi red orb i ta l  temperatures. However, p r ior  t o  the 
close-out i t  was found t h a t  the magnetometer Bp axis 
i n f l  i ght-cal i brate  ci rcui t was n o t  functioning and the 
e lec t ronic  u n i t  had t o  be returned t o  the vendor f o r  
repair .  This was accomplished the same day, as the 
problem was found t o  be the f a u l t  o f  a cold solder 
j o i n t  . 
On completion of this work an integrated systems tes t  
was performed on the s u b s a t e l l i t e ,  then the subsa te l l i t e  was 
moved t o  the engineering t e s t  bay f o r  a pre-vibration 
measurement o f  the balance boom position. This was 
followed by a 3-axis acceptance level vibration t e s t ,  
d u r i n g  which the Z-axis had t o  be performd twice t o  
resol ve ins trumentati on problems w i  t h  the mi cro-swi tch 
monitors. 

Ouri ng the close-out the v i  b r a t i  on i nstru- 

J 
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After the completion o f  the acceptance v ibra t ion  t e s t  a limited 
functional t e s t  was performed. klhen the d a t a  from this t e s t  
was verified as good the subsa te l l i t e  was exposed t o  a fur ther  
3-axis v i b r a t i o n ,  this time t o  qualification levels ,  This  t e s t  
was a l so  followed by a limited functional t e s t ,  and then the 
posit ions o f  the balance booms again measured t o  verify t h a t  
they mai ntai ned thei r p o s i t i o n  w i  t h i  n the a1 1 owabl e tolerance, 
in s p i t e  o f  exposure t o  prolonged vibrat ion levels.  

During the post-vi bra t ion  measurement of  the deployed 
balance boorn posi t ions i t  was found t h a t  the v i b r a t i o n  
test had caused damage t o  the boom retaining bracket. 
But ais the bracket was no t  damaged t o  the p o i n t  o f  
caustng a prcrnxixre boom release i t  was n o t  considered 
a f a i  1 w e .  However, further i nves t i  g a t i  on was conti nued 
Sn the prsblern, i n c l u d i n g  a special v ib ra t ion  t e s t  w i t h  
the mass Eodel subs ate1 1 i t e  . 
While the investigation continued on the mass model 
subsztell  i t e  , the qual i f i  cation subsatel 1 i t e  was 
thermally instrunxnted and ins ta l led  i n  the 30 f o o t  
charber for the start o f  the qual i f i  cation sol ar-thermal- 
vacuum t e s t .  This t e s t  ran a t  vacuum, for over 200 hours 
and was very successful, w i t h  no pro5lerns being experienced 
and the par t ic les  experiment h i g h  voltage power supply 
remaining s tab le  th roughou t  the t e s t .  

4 

The qual i f-i ca-ti on test  program was conpl eted wi th  the  
performance o f  the f i  nal integrated systems tes t .  
T h i s  t e s t  was a lso  successful and a review of the data 
showed the subsa te l l i t e  t o  have nset the requirements 
o f  the qual i f i  cation t e s t  program. 

Key events i n  integration and t e s t  of the qualification u n i t  
P&F Subsatel 7 i t e  were: 

nate - E3ent 
_I_ 
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Event - Date - 

2 Mar. 
4 Mar. 
4 Mar. 
9 Mar. 

22 Mar. 
24 Mar. 

25 , 26 Mar. 

26 Mar. 
30 Mar. 
31 Mar. 

1 April  

1,2 April 

3,4 April 

4-8 April 

8,9 Apri l  

29 Apri l  

I n s t a l l  Battery S/N 001 
Instal1 Engineering Model PES 
Install FES S/N 001 
S t a r t  Test Procedure HC-21s-OlA 

Replace Antenna S/N 001 by S/N 003 
Install Wobble Damper S/N 004 
Perform Engi neeri ng Compati b i  l i  t y  

Remove FES S/N 001 for RTV Mods 
Remove Engi neeri ng  Model PES 
Install FES S/N 003 

Instal led PES S/N 1-1 ( n o n - f l i g h t ,  HV-inop) 

Performed remaihder of HC-21 S-07A 

Performed Eng. Run of HC-21S-04 (Mfg. Test] 

Performed Qual T/V HC-21 S-06-Thermo Phase (Eng. Test) 

Performed Solar Array Evaluation w i t h  S/S i n  

Instal led modified booms 

Check O u t  of Thermal Vac (Mfg - non Funct.) 

TJV (non-op) 



, 
Event - 

5,6 May 

6-8 May 
10 May 

' 13, 14 May 

15 May 

15-17 May 
17-18 May 
18 May 
18 May 

19 May 
19 May 
19, 20 May 
20 May 
20 May 
21-33 May 
31 May 
31 May 

Perform engrg r u n  on HC-21S-05A (Mfg, Test)  
w i t h  Mon-F1 t, HV-Inop PES SNl-1 . 
Perform Thermo Phase HC-21 S-06 (Eng . Test) 
Remove PES S/N 1-1. 
Perfom Eng. Run on HC-21T-03 (Mfg. Test) 
w i t h o u t  PES. 
Instal led operative PES S/N 2-2 and s t a r t ed  
formal t es t  program on Qual i f icat ion U n i t  S/C. 
Performed HC-21s-01B. 
Performed HC-21 S-04D. 
Performed HC-2lS-02NC. 
Performed HC-21 M-02NC. 

Perfowned 3 Axis Accpt. Vib. HC-ZlA-OIB. 
Performed HC-21S-05A. 
Perfortned HC-21Q-OlNC. 
Perfonfiec! HC-21S-05A. 
Performed HC-21 S-02NC. 
Performed Solar T/V HC-ZlS-06B1. 
Performed HC-21 S-04D. 
The Qual i fi ca t i  on Program i s Compl e ted. 



Assembly and integration of this subsa te l l i t e  commenced on 11 January 
as predicted in l a s t  month's report. All available units were 
integrated,  which i ncl uded the "breadboard" pa r t i  cl es experiment power 
supply, an engineering model sun sensor, and the engineering model 
bat tery,  b u t  excluded the par t ic les  and f i e lds  experiments. This 
build-up permitted the performance of preliminary functional t e s t s ,  
which were completed on 3 February. Following t h i s ,  the subsa te l l i t e  
was disassembled t o  aCCGmpliSh rework of the equipment platforms. 
rework consisted of f i l l i n g  the platform edges w i t h  epoxy t o  provide 
so l id  faces ,  and d r i l l i ng  vent holes in these faces t o  permit venting 
of the honeycomb structure .  

This 

1 - 1  t I I I I i 

harness and microswitch assembly Has ins ta l led  and a 
so l a r  array assembly. Further modifications 
tri cal harness t o  monitor the battery teinperature 

on the subsa te l l i t e  consisted of "shaving" 
p r o t r u d i n g  platform inser t s  and in s t a l l i ng  other inser t s  i n  the upper 
and lower platforms t o  accommodate the attachment of bal ance weights I . 

possible contamination from outgassing materials. 

were made t o  t h  

r5=xn..=L.-.-, I----J*$-IJ 7 T h i s  subsa t e l l i t e  was also "baked" fo r  over 60 h o u r s .  o help reduce 

I _  I 1 1 I 
A h r  the '"bake" t e s t  the Flight R1 subsa te l l i t e  was re- 

assembled and used fo r  engineering t e s t s  on various Power system 
anomalies fosc i l l a t i cn  and i n s t ab i l i t y )  seen on #e Qualification 
subsa te l l i t e  during i t s  t e s t  program, No problem was found on tR 
F l i g h t  f l  system and subsequently t h e  problek on the Qualification 
system were traced t o  t e s t  condition constraints.  During th i s  period 
o f  time, "blown" transistors were found in the engineering model 
battery c i r cu i t  boards: th i s  problem was also found on the Qual i f ic -  
a t ion  battery and was eventually traced t o  battery bench tes t  grounding 
problems 

Integration continued a f t e r  this test on F l i g h t  #l when the 
sun sensor and f ie lds  experiment became 3vailable for in s t a l l a t ion .  
This  continued integration was likewise performed with "breadboard" 
par t ic les  experiment power supply instal  led i n  the subsatel l i t e .  



During Apr i l  power prof i 1 e measurements, power system cal i brations,  
and magnetometer system checks were performed and battery charging 
operations ver i f ied u s i n g  the Flight #l subsa te l l i t e  with the bread- 
board PES ins ta l led .  

While awaiting delivery of the par t ic les  experiment and the F l i g h t  
#1 battery the thermal modification resul t ing from the thermal proof 
test on the qual i f icat ion subsa te l l i t e  were instal led.  

voltage power supply was inoperative, however, this d i d  not prevent i t  
from being integrated i n  accordance w i t h  the procedure. 
#1 battery (S/N 005) was a l so  integrated a t  t h i s  time and was found t o  
have the s h u n t  current monitor and battery temperature monitor wired 
incorrect ly ,  
connections. 
were completed a t  this time and telemetry ca1ibrations.and system 
functional testing begun. 
rechecked. 

When the par t ic les  experiment (S/N 2-2) was delivered the h i g h  

The F l i g h t  

T h i s  was reworked by reversing the respective p i n  
The incomplete sections of the integration procedure 

Also, the power prof i le  measurements were 

The formal acceptance t e s t  program now s ta r ted  w i t h  a DCAS 
, inspection of the subsa te l l i t e  p r i o r  t o  i t s  closeout w i t h  the 

ins ta l la t ion  of the so la r  panels, 
integrated systems t e s t ,  which, because of a f a i lu re  w i t h  the lab- 
oratcjry airconditioning, had t o  be interrupted t o  allow the subsa te l l i t e  
bat tery t o  cool a f t e r  i t  had reached i t s  allowable temperature 
limit. 
85OF. 

T h i s  was followed w i t h  the f i r s t  

The ambient tem9erature a t  this p o i n t  had reached approximately 

On completion of the integrated systems t e s t  the subsa te l l i t e  
was mated t c  the F l i g h t  #l launcher assembly, f i t  checked w i t h  the 
NAR too l ,  and mounted on the vibration table .  The subsa te l l i t e  
comD1eted i t s  three axes acceptance level v i  brat ion w i t h  no problems 
evident,  other than f ix ture  mating d i f f i c u l t i e s .  

Following a post-vi bration limited functional tes t  the sub-  
sa te l l i te  was demated from i t s  launchers, fur ther  thermal t a p i n g  
modi f i cat i  ons made, and the thermal tes t  instrumentation i nstal 1 ed. 

Instead o f  performing only the acceptance phase of the solar-  
themal-vacuum t e s t  on the F l  i g h t  #1 subsatel 1 i t e ,  i t  was agreed 
between TRW and MSC, t o  expose i t  f i r s t  t o  the thermal proof phase 
t o  determine the effectiveness o f  the new thermal system mod- 
i f i ca t ions .  Four o rb i t s  i n  each of the -Cos, t. Cos, and Normal 
Inclination configurations were planned, b u t  as the t e s t  progressed 
it  became necessary t o  increase the number of orbi t s  t o  e ight  for 
each configuration, t o  allow the subsa te l l i t e  t o  thermally s tab i l ize .  
However, during the fourth o r b i t  of the Normal Inclination phase 
(twentieth o r b i t  i n  the  t e s t )  i t  was observed tha t  the magnetometer 
boom was bent. 

A t  this p o i n t  i t  was decided t o  terminate the Normal In- 
c l inat ion orbits and t o  a b o r t  the t e s t  on completion o f  the extended 
eclipse, 
was examined, then removed from the subsa te l l i t e ,  and subsequently 
found t o  haverme7ted a t  the p o i n t  o f  failure. 

This was done and a f t e r  chamber pump-up the f a i l ed  boom 
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As a r e s u l t  of this f a i l u r e ,  and fur ther  e r rors  i n  the predicted 

The thermal instrument- 
6 '  -!? versus tes t  temperatures, resulting from the tes t ,  fur ther  thermal 

modifications were made t o  the subsa te l l i t e .  
a t ion was increased on the replaced magnetometer boom and a l l  booms 
jacketed w i t h  a mylar blanket, 
in the  30 foot  thermal-vacuum chamber and again exposed t o  thermal 
proof phase t e s t s ,  
+Cos incl inat ion configuration and two o rb i t s  had been completed i n  
the Normal i ncl i nati  on configuration, i t was decided t h a t  the thermal 
design was now correct  fo r  those configurations and tha t  the extended 

[On completion of the extended ecl ipse the t e s t  was terminated and 
after the post- tes t  checks were completed the S/N 2-2 par t ic les  
experiment was removed from the subsatellite and returned t o  the 
subcontractor ( ATC) . 

The subsa te l l i t e  was again jns ta l led  

After seven orbits had been completed in the 

hecl ipse could begin. 
. -  
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While awaiting delivery o f  a new par t ic les  experiment (with an 
operative h i g h  voltage power supply) a special battery check was 
made t o  verify battery charge procedure I-iC-21T-02. 
this time fur ther  small thermal modifications wers made t o  
"trim" the system to  the most current predicted temperature 
requirements. 

A1 so d u r i n g  

During the integration of the new par t ic les  experiment ( S / N  2-3) 
i t  was observed t h a t  the current being drawn from the par t ic les  
experiment on t-7.8V l ine  was approximately 40% qreater  t h a n  tha t  
recorded during the i n i t i a l  Sntegration. Subsequent investig- 
ations traced the problern t o  a fa i led  accumulator c i r c u i t  in 
the d ig i ta l  e lectronic  u n i t  ( D E U  S/N 002). The defective u n i t  
was removed from the subsa te l l i t e  and replaced by the F l i g h t  2 
u n i t  (S/N 003). 

On completion of the integration o f  the par t ic les  experiment 
and the DEU, the power prof i le  measurements, telemetry, Cali br- 
a t ion ,  and data system functional ohecks were repeated. Follow- 
i n g  this the subsa te l l i t e  was prepared for another integrated 
systems t e s t .  However, this t e s t  was aborted when i t  was found 
t h a t  the f l i g h t  battery ( S J N  005) had an operational buss of 
approximately 11.6V (compared w i t h  approximately 13.2V on the 
Qualification bat tery)  and could not to7erate operating i n  an 
almost fu l ly  charged s t a t e  i n  the integrated systems tes t  con- 
figuration without tr ipping the under-vol tage c i r c u i t  (11 . O V ) .  
Further t e s t s  were performed on the battery/power subsystem, 
and a f t e r  much discussion concerning the battery operating 
points,  i t  was agreed t h a t  the test  could be best  performed 
w i t h  the battery i n  a pa r t i a l ly  discharged s t a t e .  T h i s  was done, 
and the integrated systems t e s t  completed successfully; although 
some d i f f i cu l ty  was experienced w i t h  the f lux tank tes t  set-up; 



and once again the t e s t  was also interrupted t o  allow the 
battery t o  cool a f t e r  i t  had reached I t s  temperature l imit .  

After a lengthy data review the subsa te l l i t e  and launcher were 
mated, aligned w i t h  the NAR t o o l ,  and ins ta l led  on the v i b r a t i o n  
table.  However, a f t e r  only one vibration r u n ,  in the x-axis, 
direction was receivsd t o  discontinue the t e s t  and t o  remove 
the par t ic les  experiment from the subsa te l l i t e  for  rework, t o  
replace a zener diode. 
commenced on the experiment, direction was aga in  received, this 
time t o  continue with the t e s t  and not t o  pework the experiment. 
Therefore the experiment was rei  nstal  led i n  the subsatel 1 i t e ,  
functionally checked; and the subsa te l l i t e  re instal led on the 
vibration table.  After a repeat of the post-x-axis functional 
t e s t  the acceptance vibration t e s t  continued for  the Z and y 
axes. 

This was done, b u t  before rework 

On completion of the vibration and limited functional t e s t s  
the subsa te l l i t e  was demated from the launcher and prepared for 
the acceptance thermal vacuum te s t .  
a special battery capacity check was performed, Using the fu l ly  
powered subsa te l l i t e  as the load, the systems was ’left operating 
a t  a nominal current of  approximately 2 amperes until  the under- 
voltage c i r c u i t  tripped. 
totaled 6 hours and 10 minutes. 

During these preparati on5 

The elapsed time was recorded. and 

The acceptance solar-thermal-vacuum t e s t ,  the f i r s t  with an 
operating h i g h  voltage system i n  the subsatell i t e ,  was very 
successful. Ho~rever, one extra h i g h  tesnperature soak was added 
t o  the end of the t e s t  sequence t o  verify t h a t  a data anomaly 
observed i n  the f i r s t  h i g h  temperature soak was not  a r e su l t  o f  
the h i g h  temperature environment b u t  was the resu l t  of a data 

Thi s anomaly was con- 
cl  usively demons t ra led 1 a t e r  i n a speci a1 data sys tern operati on 
t e s t ,  when i t  was shown tha t  i f  a Telemetry Store Fas t  command 
i s  sent t o  the subsa te l l i t e  while the data system i s  i n  Telemetry 
Store Normal in  the automatic cycle mode, i t  will knock the sub- 
corn counter o u t  of sequence. 

, system operational sequence constraint .  

After the acceptance thermal -vacuum t e s t  the par t ic les  experiment 
was removed from the subsa te l l i t e ,  reworked and retested for the 
Zener diode change. I t  was then reintegrated i n t o  the subsa te l l i t e ,  
a limited functional t e s t  performed and the subsa te l l i t e  transported 
t o  the TRW magnetic t e s t  f a c i l i t y  a t  Malibu. 

6 



A t  Mali bu,  the subsatei 1 i t e  was checked for operational stray 
f i e l d s ,  25 gauss magnetized, and 50 gauss demagnetized conditions. 
The t e s t  resu l t s  from these t e s t s  show t h a t  the subsa te l l i t e  
meets a l l  of the magnetic specification requirements 

After the magnetics t e s t s  the subsa te l l i t e  was prepared for the 
f ina l  integrated systems t e s t .  During these preparations two 
fuses were replaced i n  the battery system, these had been found 
t o  be "blown" prior t o  the s h i p p i n g  of the subsa te l l i t e  t o  Malibu. 
After replacing the fuses the battery was charged for several 
hours and t h e n  the f i n a l  integrated systems t e s t  comenced. Th i s  
t e s t  was a lso  completed successfully, and a f t e r  a careful review 
o f  the t e s t  da ta  the subsa te l l i t e  was moved t o  the alignment 
t e s t  area. 

The f i n a l  subsa te l l i t e  operations consistitlg o f  alignments, 
mass properties measurements, suDsatellite/launeher mating, and 
f inal  bat tery servicing were performed and the F l i g h t  #1 Acceptance 
Test Program cmpl eted, 

The subsa te l l i t e  was shipped t o  KSC on Saturday, 29 May 1971. 

Key events i n  integration and t e s t  of the F l i g h t  #1 Subsatel l i te  were: 

Date - 

10 Mar. 
26 Mar. 

31 Mar. 

12 April 
15 April 
17 April 

16-19 April  
20 April 

Event - 

- ~~~~~~~~~~ 

Instal l  Antenna S/N 002 
S t a r t  2nd. Engineering Run of Procedure 

Ins ta l l  Sun Sensor S/N 001 
HC-21 S-01 A 

Completed Eng. Run on He-21s-OlA (Mfg. Test) 
Installed Wobble Damper S/N 002 
Installed PES S/N 2-2 w i t h  inoperative 

Performed HC-21s-01 B 
Performed HC-27s-048 (IST) 

h i g h  voltage 

d 



Event - Date - 

t 

21 A p r i l  
21,22 Apri 1 
22 April 
23 Apri l  
23-27 April 
27-29 April Reworked Booms 
29 April Incorporated Thermo Mods 
29 Apr i l  

Performed Rigging HC-21M-02 N/C 
Performed Acceptance V i  brat ion HC-21 A-01 B 
Performed Limited Functional HC-215-05 A1 
Performed De Rigging HC -21M-02 N/C 
'Performed Solar T/V HC-21s-06 N/C 

S ta r ted  Solar  T/V r e - t e s t  f o r  booms 

1 May Completed Extended Eclipse and Effort on 
HC-21s-OSNC. 

2 May Removed Par t ic les  Experiment S/N 2-2, 
7 May Instal 1 ed Par t ic les  Experiment S/N 2-3 

(Ists i - ' u ~ ~ y  operative PES) 
7,8 May Performed HC-21 S-01 B 
9-11 May Performed HC-21S-04C 
11 May Performed Mating Per HC-2lM-02 
12 May Started HC-ZlA-OlCl b u t  aborted t e s t  for 

PES S/N 2-3 removal 
13 May Reinstalled PES S/N 2-3,no rework performed 
13 May Performed HC-21 S-01 B 
13 May Restarted and completed HC-21 A-01 C1 
13 May Performed HC-21 S-05A 
13 May Performed Demating Per HC-21M-02 
14-19 May Performed HC-21S-06A (Solar Thermal Vac) 
19-20 May Revtorked PES S/N 2 ~ 3  w i t h  Diode Replacement 

21 May 
21 May 
21, 22 May 
23 May 
24 May 
24-26 May 
27 May 
28 May 
28 May 
28 May 
29 May 

Performed HC-215-01 C l  
Performed HC-21S-05A 
Performed HC-21 K-O1A a t  Mali bu 
Performed HC-21 S-04D 
Performed NC-21 S-02FIC 

Performd HC-21 T-03NC 
Performed HC-21 M-07 A2 
Performed HC-21 I4-02NC 
Government Inspected and Accepted 
Shipped t o  KSC 

Perfomed HC-27 S-03B1 

d 
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. 3  FLIGHT #2 TEST HISTORY 

c. .' The spacecraft  s t ructure  was recei ved from manufacturing Noversber 25, 1970. 
Between December 2 and March 12 limited work was done on the s t ructure  and 
so lar  panels i n  preparation fo r  mechanical and e lec t r ica l  assembly. The 
honeycomb platform edges were epoxy f i l l e d  and d r i l l ed  and inserts were 
ins ta l led  in the upper and lower platforms t o  accommodate the attachment 
of mass balance weights. Also, the lower paatform and adapter r i n g  were 
assembled i n  preparation for  mechanical and e lec t r ica l  assembly. 

Approximately June 2 when work was completed on the Flight #1 and 
Qualification subsa te l l ies  integrat ion commenced on the F l i g h t  $2 u n i t .  
The transponder, command decoder, subsatel 1 i t e  e lec t ronics  u n i  t ,  
d ig i t a l  storage u n i t ,  s u n  sensor, magnetometer e lec t ronics ,  main 
e l ec t r i ca l  harness, and wobble damper were in s t a l l ed  and the pa r t i a l  
assembly placed i n  a thermal vacuum chamber f o r  a "bake" t e s t  . This 
"bake" t e s t  consisted of exposing the subsa te l l i t e  uni ts  f o r  60 hours 
t o  an environment of 140°F +5 in a vacuum o f  5 x 10-5 torr, t o  out-gas 
unapproved materials.  
separate and e a r l i e r  t e s t .  

On completion of the ''bake" t e s t  the d i g i t a l  e lectronics  u n i t  and the 
''breadboard" p a r t i  el es experiinent power supply were i ns t a l  1 ed i n  the 
subsa te l l i t e  and e l ec t r i ca l  integrat ion s t a r t ed .  Dur ing  the integrat ion of 
the bat tery and magnetometer a special  tape recording was made of the 
f i e l d s  experiment output. 

i 
The Eooms and so la r  panels were "baked" in a 

4_1___--- 

/D i i  

This tape recording was delivered t o  UCLA. 

,/,* = When. the pa r t i c l e s  experiment S/N 2-4 was received on July 3 the i n -  
tegrat-ion was ccmpleted and system functional t e s t s  performed. 
Following this  the so l a r  panels were ins ta l led ,  s u b s a t e l l i t e  closeout 
performed, and the integrated s y s t m  tes t  performed t o  commence the 
formal acceptance t e s t  program f o r  Flight #2. 

On completion of the integrated systems t e s t  the subsa te l l i t e  was 
mated t o  i t s  launcher and the complete assembly exposed t o  a 3-axes 
acceptance v i  bration t e s t  sequence. 
f rom the launcher, thermal instrumentation and t e s t  cables were 
in s t a l l ed ,  and the subsa te l l i t e  ins ta l led  i n  the 30foot solar-thermal 
vacuum chamber. 

Following a comprehensive 7 day solar-thermal-vacuum acceptanct? tes t  
the subsa te l l i t e  was transported to  the TRlJ Magnetic Test Si te  a t  
Malibu. 
magnetization. After Uiis i t  was p u t  t h r o u g h  the f ina l  integrated 
systems t e s t  and f i l la l ly  aligned, balanced, weighed and moments of 
iner t ia  and posit ion of center of gravi ty  determined. 

During the f i r s t  integrated systems t e s t  i t  was found t h a t  the accumulator 
channel h(4 i n  the DEU did not show any counts lower t h a n  256; d u r i n g  the 
solar-thermal-vacuum t e s t  2nd the second integrated systems t e s t  i t  
was found t h a t  channel #6 in the DEU showed excessive counts from the  
PES telescope when "ca1ibrate" and  " t e s t  control" modes were act ivzted;  
also, du r ing  the in s t a l l a t ion  and checkout o f  the subsa te l l i t e  i n  the 
solar-thermal-vacuum chamber two fuses i n  the ba t t e ry / t e s t  connector 
interface were blown. 

( ; !  

-__&-- *- 

/ 2 
The subsatel 1 i t e  W ~ S  ther; demated 

-/ /-e7'" 
i ,  

Here i t  underwent s t ray  magnetic f i e l d  measurement and de- 

.I, 7""4------ 
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Special tests were performed t o  ver i fy  these 
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discrepancies and a decision was made t o  complete f ina l  preparation 
of the s u b s a t e l l i t e  as a back-up s u b s a t e l l i t e  f o r  Flight #1 and t o  
remedy these problems a f t e r  the launch of Apollo 15. 

A review of a l l  the acceptance tes t  da ta  ver i f ied  sa t i s f ac to ry  per- 
formance of the Flight #2 subsa te l l i t e  (with the noted discrepancies) 
and showed i t  t o  have successfully completed the acceptance tes t  
program, 

Key events in integration and t e s t  o f  the Flight #2 Unit P&F Sub- 
s a t e l l i t e  during June and July were: 

Date - 

2-4 June 
4 June 

8 June 
9 June-1 July 
3 July 
4 July 
4-5 July 
6-7 July 
7 July 
8-16 July 
17 July 
17-18 July 
23 July 

Performed engineering thermo/vac bake-out 

Ins ta l led  DEU & Eng. Model PES 
Performed engineering run on HC-21s-015 
Ins ta l led  PES S/N 2-4 
Compl eted HC-21 S-01 B 
Performed HC-ZlS-04E 
Performed HC-21A-01 C 
Performed HC-21 S-058 
Performed HC-21 S-068 
Performed HC-21 K-O1A 
Performed HC-ZlS-04E 
Flight #2 S/C p u t  in to  shipping container 

for outgassing (mfg, t e s t )  

t h u s  endii 1 formal acceptance t e s t  program 
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8. KEY MEETING SUMMARIES 

The customer review meetings which are  perhpas the most important 
held d u r i n g  the P&F program are  l i s t e d  below and summarized i n  the 
following paragraphs. 
the monthly customer review meetings which were held a t  TRW. 

Other par t icular ly  important meetings included 

Date 
I_ 

5/14-15/70 
7/14-15/70 
81 4 - 5/ 7 0 
3 / 8 4  2/71 
4/6-7/7 1 

5/26- 28/7 1 
6/21 -24/71 

5/7/71 

6/29-30/71 
7/21 -22/71 

Meeting 
P&F System PDR 
P&F System CDR 
PES CDR 
Qual i f icat ion U n i t  Phase One C.A.R. 
F l i g h t  #l Phase One C.A.R. 
PES F l i g h t  #l C.A.R. 
F l i g h t  #7 Phase Two C.A.R. 
F l i g h t  #2 Phase One & Qualif icat ion 

PES Flight #2 C . A . R .  
F l i g h t  #2 Phase Two C.A.R .  

U n i t  Phase Two C.A.R .  

8.1 P&F System Preliminary Desigi Review ( P D R )  

The Preliminary Design Review for the Part ic les  and Fields Sub- 
s a t e l l i t e  program was held a t  TRW on May 14 and 15 of 1970. 
Dur ing  t h i s  meeting the design approach and the system end item 
specification were thoroughly reviewed and approved w i t h  the 
exceptions noted i n  the meeting minutes. The result ing detailed 
design was t o  be reviewed a t  the Cri t ical  Design Review ( C D R ) .  
Detailed review of the GSE was not included i n  this meeting b u t  
was to  be performed a t  the June Monthly Management Meeting. 
Also the detailed design approach for the s c i e n t i f i c  instrument- 
ation was not reviewed because of the e a r l i e r  s ta tus  of these 
subcontracts and because these subcDntracts were not ye t  signed. 
However, the baseline fo r  the design o f  the s c i e n t i f i c  instruments 
was reviewed. Exceptions and action items ident i f ied o r  defined 
in th i s  design review meeting are  formally recorded on Review 
Item Disposition (R.I.D.) forms or  as formal action items, w i t h  
minor action items simply included as items i n  the meeting minutes. 
During the meeting on 15 May, MSC announced tha t  the basic P&F 
contract  had just been signed. 



8.2 Particles Experiment Subsystem PDR 

The Particles Experiment Subsystem Preliminary Design Review 
(PDR) was held on June 4 and 5, 1970, a t  the ATC Fac i l i t i es  i n  
Pasadena, The principal purposes were to  review the design 
approach to  the Particles Experiment Subsystem as currently 
configured, and t o  provide an opportunity for  NASA, University 
o f  California, TRW, and ATC to  reach agreement on an acceptable 
s e t  of Specifications t o  be included in the f inal  PES subcontract. 
Forty (40) RID's were generated dur ing  this PDR. 

8.3 Fields Experiment Subsystem PDR 

The preliminary design review for  the Fields Experiment Sub- 
system was held a t  Time-Zero Corporation on 18 June 1970 a t  the 
time of th i s  meeting the s ta tus  of the magnetometer electronics 
design and breadboard fabrication was such tha t  the design bread- 
board has been b u i l t  and operated, and the deliverable breadboard 
i s  i n  fabrication now. 
approved. The remaining f o u r  contained cost and schedule impact 
items and required further consideration by Time-Zero. 
date of  26 June 1970 was s e t  for  action on the four RID's, 

Ten RID's were prepared, of which s ix  were 

A suspense 

8.4 P&F System Crit ical  Design Review ( C D R )  

The Crit ical  Design Review ( C D R )  for the Particles and Fields Sub- 
s a t e l l i t e  Program was held a t  TRlnl on July 14  and 15, Dur ing  
t h i s  meeting the detailed design of the s a t e l l i t e  and i t s  GSE 
except for  the sc ien t i f ic  instrumentation were thoroughly re- 
viewed and approved w i t h  the exceptions noted i n  the meeting 
minutes and approval was g i v e n  fo r  proceeding w i t h  fabrication. 
The detailed design of the sc ien t i f ic  instrumentation would be 
reviewed a t  i t s  CDR's i n  about two weeks. The requirements fo r  
the sc i en t i f i c  instruments were reviewed i n  this meeting. 

Key documents reviewed i n  detail  by MSC d u r i n g  this meeting i n -  
cluded the End Item Specification on the f l i g h t  hardware, SY1-36B, 
and the Battery Charger/Simulator EQ3-287B, and  considered them 
approved w i t h  the exceptions as noted on RID's and action items. 
A1 so reviewed were the Qual i ty Assurance Plan #16763-335, 
Reliabil i ty P lan  #16763-34A, the Configuration Ranagement Plan 
#16763-35, System Safety Plan #16763-36, Electromagnetic 

d 
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Compatabil i t y  Control Plan #16763-37-1, Magnetic Clean1 iness 
Control P1 an #16763-38, the Development Schedule, kvel  opment 
Test Plan #16763-19, Certificatiouf Plan #16763-18, Parts and 
Materials List #16763-44, FMEA #16763-14, and the Experiment 
Support Requirements document #16763-31. 
#16763-41, and the Measurement List #16763-40 were also reviewed 
and were approved. 

The Command List 

Props f o r  this CDR included a ful l -scale ,  three dimensional 
mock-up used t o  i l l u s t r a t e  the feasures of the mechanical system 
i n c l u d i n g  the current spacecraft packaging and boom configuration, 
the fu l l  scale  antenna range metal mockup, and sample sections 
of the solar  array configuration, A number of tours were con- 
ducted f o r  the v i s i to r s  w i t h  one including operation of the DEU 
breadboard, 
central main meeting during the morning of July 14 which was 
followed by ten parallel  team meetings f o r  detailed work. 
Following this was the formal CDR Board meeting for summation 
and disposition of action items and RID's. 

The general meeting plan provided for a single 

8.5 Fields Experiment Subsystem CDR 

The Cri t ical  Disign Review for  the Fields Experiment Subsystem 
(FES) was held a t  Time-Zero Corporation on 29 July 1970. 
program s t a tus  was t h a t  the breadboard i s  in temperature t e s t ing ,  
90% of a l l  parts a re  in-house and screening o f  these parts will 
begin no l a t e r  than Monday, 3 August 1970. 
prepared d u r i n g  t h i  s meeti ng , 

The 
* 

Nine RID's were 

8.6 Part ic les  Experiment Subsystem CDR 

The Part ic les  Experiment Subsystem Crit ical  Design Review (CDR) 
was held on August 4 and 5 ,  1970, a t  the ATC f a c i l i t i e s  i n  
Pasadena. The primary purposes of t h i s  meeting were t o  review 
the instrument design in d e t a i l ,  and plans for implementation 
thereof; and t o  resolve any questions or  objections t o  the 
instrument design and/or specification i n  order t o  establish a 
baseline f o r  proceeding w i t h  fabrication of the Qual U n i t .  
Required actions result ing from the CDR were defined i n  formal 
action items and RID's. 
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QUAL1 FICATION UNIT PHASE ONE ACCEPTANCE REVIEW (GA-R-)  

An acceptance review of the Qual i f icat ion U n i t  Par t ic les  81 .Fields 
Subsatel 1 i t e  b l  ack boxes' and the Ground Support  Equipment was 
conducted March 8 through 12 1971 a t  TRU. With the exception o f  the 
Particles Experiment Subsystem, B4ack Box Data Packages f o r  the 
qual1 f icat ion subsatel 1 i t e  were reviewed and corrections t o  the Data 
Packages were defined, and the f l i g h t  subsatel I i t e  design as defined 
by the engineering documntation was frozen. The spacecraft level 
test procedures were baselined and approval was given f o r  proceeding 
with subsa te l l i t e  spacecraft level qual i f icat ion testtng. The Sub- 
s a t e l l i t e  GSE s and Acceptance Test Equipment Data Packages were 
wwiewed and conditionally acc pted pending a $ e ~ n ~ t ~ a ~ i o n  tha t  the 
test equipment perform sa t i s f ac to r i ly  when coupled t o  the f l i g h t  
hardware. Approval was given t o  procede with spacecraft level tes t ing  
w i t h  the GE and Acceptance Test Equipment. 

FLIGHT At1 PHASE ONE ACCEPTANCE REVIEW 

An Acceptance Review of the Flight #1 Par t ic les  and Fields Subsatel l i te  
black boxes was conducted April 6 and 7 1971 a t  TRW and approval was 
given for proceeding w i t h  Flight #l subsa te l l i t e  Spacecraft level 
tes t ing.  
t h i s  Acceptance Review due t o  a high voltage problem. 

The Flight 1 Spacecraft level Acceptance Test Plan was reviewed w i t h  
the fol lowing approved recommendations : 

S t a r t  acceptance *testing with the qual i f icat ion PES and 
qualification battery. 
ins ta l led  prior t o  the f i n a l  integrated system t e s t .  

The qual (refurbished) magnetometer will be tested and 
flown w i t h  the F1 ight 1 subsatel 1 i t e ,  
i s  pending fur ther  s t r e s s  analysis. 

Flight 1 PES tes t ing will proceed m i n u s  h i g h  voltage, i f  a 
h i g h  voltage f a i lu re  occurs d u r i n g  acceptance tes t ing.  

The Part ic les  Experiment Subsystem (PES) was n o t  included in 

1 )  
The Flight # I  battery will be 

2) 
The recommendation 

3)  

PES FLIGHT #1 ACCEPTANCE REVIEW 

An Acceptance Review o f  the Flight #l Par t ic les  and Fields 
Subsatel l i te  Par t ic les  Experiment System (PES) was conducted 
on 7 May 1971. The Flight #l PES has S/N 003 consti tuting 
the subkssemblies having S/N's 2-3. Exceptions t o  the above 
are subassemblies o f  the A4, A1 , and A3 Channeltron Decoupler 
Module and B Telescopes which have S/N's 1-1. The baseline 
design was frozen as of t h i s  review. Approval was given t o  
integrate  the Flight #1 PES into the Flight #1 Spacecraft. 

- 
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FLIGHT #1 PHASE TWO ACCEPTANCE REVIEW 

Bt 

c 

A final acceptance review of the F l i g h t  #1 Particles 
and Fields Subsatellite was conducted May 25-28, 1971. 

The formal review board accepted the ser ia l  number 002 
Particles and Fields Subsatell i te conditionally upon performance 
o f  action assigned by the board and upon successful completion 
of  design cer t i f icat ion.  Two items appeared on the shortage 
report ,  unappcoved waiver requests HC-W18 and W19. The form 
DD250 was signed. TRW was directed t o  s h i p  the u n i t  t o  the 
Cape on May 29; 1971. 

The  F l i g h t  #l Particles Experiment Subsystem (PES} {S/N 2-2) 
contains two analyzers (A1 & A4), the 433 module of the A3 
analyzer and two s i  1 i cone surface barrier detectors which were 
exposed to  qualification level tes t ing i n  the Prototype (S/M 1-11 
instrument. The affects o f  this tes t ing on these parts is 
addressed by an ATC Reliabil i ty Analysis Report, 
The board found use of these parts i n  the Flight I PES Acceptable. 

\ 
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FLIGHT #Z.PHASE ONE & QUALIFICATION UNIT PHASE TWO ACCEPTANCE REVIEWS 

A Phase I Acceptance review of the Flight I1 Particles and Fields Sub-  
satellite'was held June 21-24, 1971. All Flight I1 "black boxes'' were 
covered except the Particles Experiment Subsystem (PES) .  
the data revealed the "black boxes" i n  question to  be acceptable. 
Flight I1 fa i lure  history was reviewed. Nine fa i lures  occurred. A l l  
have been closed. The Waiver/Deviations summary showed 3 waivers and 
8 deviations granted, None were pending. No RID'S were presented. 
The units under review were found acceptable by the board and approval 
was granted t o  integrate them i n t o  the subsa te l l i t e .  

Review o f  

,Mr. Johnson, the NASA/MSC P&F Experiment Manager, indicated tha t  the 9--- subsa te l l i t e  level data package fo r  the Qualification U n i t  has been 
forwarded to  MSC and reviewed there. Based on th i s  review the Qual- 
i f icat ion U n i t  Particles and Fields Subsatell i te was found acceptable. 
The DD25O was signed. TRW was directed to  place the u n i t  i n  bonded 
stores . 

ar, PES FLIGHT #2 ACCEPTANCE REVIEW 

The Phase I Acceptance Review for  the Part ic les  Experiment Subsystent 
(PES) only of the Particles and Fields Subsatel l i te  was held June 29th 
and 30th. Data was reviewed June 2 9 t h  a t  Analog Technology Corporation 
(ATC}, Pasadena, California. A formal acceptance board was held June 
30th via telecon. Part of the board was a t  MSC i n  Houston and Part a t  
ATC i n  Pasadena. The findings of the data review were presented t o  the 
formal board. U n i t  history was summarized. The Deviation/Waiver 
review indicated two deviations granted, w i t h  none pend inq .  Five 
fa i lures ,  one open, were shown i n  the handout material. 
A s i x t h  fa i lure  which. occurred i n  the final thermal vacuum t e s t ,  was 
presented to  the board orally.  The board found the F l i g h t  I 1  (Serial 
2-4) PES would be acceptable for  integration into the subsa te l l i t e  
upon 1) comp'letion of the Hazard Circuit  change and 2 )  resolution qf 
the low temperature, h i g h  voltage regulation proh'em. ' 1  



FLIGHT #2 PHASE TlJfl ACCEPTANCE REVIEWS i 
The Phase I1 Acceptance Review for  the F l i g h t  I1 Par t ic les  and Fields 
Subsatell i te was held July 21-22, 1971, a t  TRW, Redondo Beach, 
California. 
These occurred l a t e  i n  the testing program. 
immediate corrective action and use of the u n i t  as a backup t o  the 
Apollo 15 u n i t  mutually exclusive. 
fa i lure  propagation mechanisms and f l i g h t  impacts were investigated a t  
length, The technical review team found the f l i g h t  impacts acceptable 
fo r  a backup u n i t  and recommended no repairs be s tar ted until  a f t e r  
Apollo 15 launch. Four subsa te l l i t e  level fa i lures  were reported; two 
remain open. Applicable waivers and deviations were l i s t ed .  Twelve 
were granted; none pending. The technical data review minutes were 
reviewed for  the board. T h e  board deferred 
consideration of a sectoring logic design change unt i l  more data i s  
available. The board agreed tha t  t h i s  u n i t  should be held i n  f l i g h t  
configuration i n  i t s  present condition as a back-up f o r  the ,Apollo 15 
u n i t .  Thereafter corrective action should proceed. The board found 
the F l i g h t  I 1  Particles and  Fields Subsatell i te t o  be acceptable 
conditional upon 1 )  Completion of open work items, 2 )  Resolution of 
the problems discussed in the meeting minutes. 

A number of technically unacceptable i-tems were ident i f ied.  
Repair cycle time made 

Most probable f a i lu re  mechanisms, 

No RID'S were presented. 



9. FLIGHT #1 IN-ORBIT PERFORMANCE 

The P&F F l i g h t  #l Subsatell i te was separated from the Apollo 15 CSM i n  lunar orbi t  
on August 4 ,  1971 a t  1:13 PM PDT. All systems operated sa t i s fac tor i ly  and are 
continuing t o  operate sa t i s fac tor i ly .  A brief description of performance i s  provided 
below: 
ORBIT 
The o r b i t  a t  injectfon was 75 by 55 nautical miles. Four days lXe7t l ie  o r b i t  was 
63 miles c i rcu lar .  
nmths. Hany utikr owns are  assclci ated w i t h  the o r b i t a l  changes. The coherent dop- 
pler provided by the S-Band. Transponder i s  used t o  determine o r b i t a l  parameters. 
Triangulat ion ( t h t  ee s t a t ion  tracking) i s  also being eniployed. 

- 
The o r b i t  i s  expected to  change t o  105 by 15 miles w i t h i n  three 

COl*il4UN I CAT I O N  S / L a  P 5 
) - nd TLPl data qiiality+r@ t u s i n g  33' incooled antennae. - 

budgets-were .?spec+ f-1e&+ +*$em. Received si anal level 
nnae i s  approximately -1 d? --_r_- -*e.- 

Apollo FOD ( F l i g h t  Operations Directorate) has s t a t e d  the Communications and  
The subsa te l l i t e  has consis- Commznd system i s  one o f  the best they have viorked. 

tently responded th;'ne f i r s t  time a command has been sent .  

The spacecraft power subsystem (solar  array/battery/charger) is  operating to 
specification. Typical combinations of operating modes for  maintaining power * 

maximum tracking i s  desired the combination is 1 tracking o r b i t  w i t h  1 charge 
o r b i t .  A tracking o r b i t  i s  made up o f  the real time mode when i n  radio range, 
then memory mode on the backside of the moon, then data dump once radio range 
is  re-established. Dur ing  sutocycle mode the transmitter i s  on approximately 
12 minutes d u r i n g  each 120 minute orb i t .  

balance is 10 autocycle modes w i t h  1 tracking mode, and 1 charge mode. When - ' -  -- -1 
,.4 

ElAGN E TOME TE R E XP E R I MEN T 
Average magnetic f i e ld  measurements have been i n  the order o f  10 gamma, w i t h  
some intervals (1 to 2 orbi t  duration) up t o  30 gamma. The magnetometer zero 
crossing system has been working a s  designed. The s.ensor has been able t o  detect 
vector direction changes. Close correlation has been obtained w i t h  magnetometers 
on the lunar surface. 

PARTICLES EXPERIMENT 
All 6 par t ic les  detector sensors are working normally and collecting sc ien t i f ic  
data. The h i g h  voltage turn-on was delayed 24 hotars as planned t o  allow the 
subsa te l l i t e  t o  outgas. Turn-on was notmalt' The range o f  particles data has been 
i n  the order o f  0 - 300 counts/second. 

TYPICAL AVERAGE ORBIT PARAMETERS (INITIAL) 
-I __ 

Spin Speed - 11.85 RPt.1 m g - . & s i c y )  
Spin Angle Error(h&$-~0.5 0 (1.5' design) 
Wobble - 0  
Battery Tenperatwe - 60-75°F 
Particle Telescope Terqxratw-e - 58-68'F 
Magnetic Sensor Tempcrature - 62-65OF 

J The subsatel l i te  (and Moon) was shadowed by the Earth for  3 . 5  hours on August 6th. All 
systems operated normally thrbugh the eclipse. The lowest temperatures were about 0°F / b\ 
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FOREWORD 

Provided herein is the P & F Subsatel l i te  command l i s t .  Included are 
the modulation type information b i  t encoding , vehicle address, sys tem address, 
word format, verification code format, command l i s t ,  and functional descriptions. 

T h i s  document has been prepared i n  accordance w i t h  Contract NAS9-10800, 
E x h i b i t  A, Paragraph 4.6.4, and E x h i b i t  C Document Table Item 41. 

Revision k i ncorporated the changes i denti f ied during the Cri t i  cal Design 
Review (CDR) of July 14 and 15, and of subsequent agreements with the NASA/MSC 
Experiment Manager. 

Revision B incorporates NASA/MSC's comments on Revision A made subsequent 
t o  the CDR. 
indicator i n  the l e f t  hand margin adjacent t o  the changed l ine,  o r  top l i ne  of 
a changed paragraph o r  section. 
such as typographi cal error  corrections. 
changes from MSC & PI review of the f i r s t  version of Revision .B as identified 
a t  the September Management Review. 

B 
Changes f o r  revision B are  spot l ighted by the presence of a "B" 

The indicator i s  not used for  minor changes 
Revision B also incorporates the 

i i i  
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1.0 - INTRODUCTION AND SCOPE 

This document specifies all of the uplink command interfaces 
between the NASA MSFN (Manned Space Flight Network) and the 
Particles and Fields Subsatellite (hereinafter referred to as the 
Subsatellite). It specifies: 

a .  
b. 
C. 

d. 
e. 
f. 

B 9. 
6 h. 

Modulation type 
Information bit encoding 
Vehicle address 
System address 
Word formats 
Verification code formats (down1 ink telemetry) 
Command list 
Functional descriptions 

2.0 RELATED DOCUMENTATION 

a. MSC. NAS 9-10800 

b. TRW: SYl-36B 

C. TRW: 16763-42 
B 

d. TRW: EQ4-918 

Contract for design, development, 
fabrication, test, arid delivery of 
flight qualified S-band Particles 
and Fiel ds Subsatel 1 i tes. 

Particles and Fiel ds  Subsatel 1 i te 
End Item Specification. 

Particles and Fields Subsatellite 
MSFN Communications System Signal 
Performance and Interface Spec- 
i f i cati on. 

Equipment Specification - Command 
Decoder Unit, P & F Subsatellite. 
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1 
c 

3.0 

3.1 

I 

3; 2 

3.3 

MODULATION 

Sub carrier 

The S u b s a t e l l i t e  i s  designed t o  receive digital . .  ( subb i t )  
information from t h e  MSFN ground transmitters v i a  S-band (2101.802 
MHz). This subbi t  information ( 5  subbi t s  equals one information 
b i t )  is  t ransmi t ted  by t h e  ground s t a t i o n  through t h e  use of phase 
s h i f t  keyed - frequency modulation (PSK-FM) of t h e  70 KHz S-band 
subca r r i e r .  
are defined as follows: 

The center  frequency and t h e  frequency deviat ions 

5-band Subcarr ier  

f0  = 70 KHz 

fo + Af  peak 

fo - Af peak 

PSK Composite 

The composite audio ( see  Figures l . c . ,  and 1.d.)  used t o  modulate 
t h e  subca r r i e r  frequency i s  produced by phase s h i f t  keying a 2 KHz 
information s i g n a l  (sinewave) i n  conjunction with a 1 KHz s y ~ c  
s i g n a l  (sinewave),  
follows : 

= 75 KHz 

= 65 KHZ 

The d i g i t a l  information i s  defined as 
4kb 

a ,  A subbi t  "one" begins when t h e  posi t ive t r a n s i t i o n  of 
t h e  1 KHz sync s i g n a l  and t h e  2 KHz information s i g n a l  
cross each o ther  i n  phase (see Figure 1.a.). 

b. A subbi t  "zero"'begins when the  p o s i t i v e  t r a n s i t i o n  of 
t h e  1 KXz sync s i g n a l  crosses  t h e  2 KHz inforna t ion  s igna l  
1800 out of phase (see Figure l . b - ) .  

c. The subbi t  per iod is one mill isecond. 

S igna l  P o l a r i t y  

The p o l a r i t y  of the o v e r a l l  command system s h a l l  be defined. 
as follows : 

a. 
eF 

With t h e  composite input  vol tage waveform shown i n  Figure 1.c. 
the frequency-time r e l a t ionsh ip  s h a l l  be as presented i n  Figure 
Le . ,  which s h a l l  be recognized by t h e  S u b s a t e l l i t e  as a subbi t  
"one. '' 

b. With t h e  comp6site input voltage waveform shown i n  Figure 1.d. 
frequency-time r e l a t ionsh ip  s h a l l  be as presented i n  Figirre l . f . ,  
which s h a l l  be recognized by t h e  S u b s a t e l l i t e  as a subbi t  

t h e  

0 zero. 0 

-2- 
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S I G N A L  
RETLJRN 

+V 

SIGNAL 
RETURN 

-V 

+V 

SIGNAL 
RETURN 

n t, c/ 

-v 

'F igure a. 
1 KHZ SYNC WITH 2 KKz INFOR- 
MATION I N  PHASE (SUBBIT "ONE") 

1 

[ F i g u r e  c. 
(COMPOSITE INPUI' VOLTAGE 
WAVEFORM FOR SUBBIT "ONE") 

+v I 

-V I Figure  b. 
1 KHZ SYNC WlTH 2 KHZ INFOR- 
MATION 180° OUT OF PHASE 
( SUBBIT "ZERO" ) 

+v I 

WAVEFOFLV FOR SUBBIT "ZERC)" ) 

fo + Af fo +LY - 
PEAK PEAK 

f0 t fo u t 

f, -Af 
- 
(FREQUE?SY-TIME RELATIOK- 

f, - Af Figure  f .  PEAK PEAK (FREQUENCY-TIMZ RELATION- 
SHIP FOR SUBBIT "QNE") SHIP FOR SUOBIT "ZERO") 

i 

S-BAND SUBCARRIER 

f0 = 70 KHZ 

f, + Af PEAK = 75 K H Z  

f, - Af PEAK = 65 KHz 

FIGURE 1. COMMAND SIGNAL POLARITY 

-3- 
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B 

B 
B 

4.0 INFORMATION BIT ENCODIMG 

4.1 Vehicle Address Subbit Encoding 

The f i r s t  three information bits transmitted are the Vehicle 
address and are subbit encoded (5  for  1 )  as defined in equip- 
ment specification EQ4-918. 

4.2 System Address and Data S u b b i t  Encoding 

The next three information b i t s  transmitted (the Systems Address) 
and the remaining information bits (the Data’) are subbit encoded 
(5 for  1 )  as defined in equipment specification EQ4-918. 

. 

-4- P 
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I 
J 

- B  

. 5.0 VEIiICm ADGRESS 

Tne Vehicle Address f o r  S u b s a t e l l i t e  #1 is "010" ( o c t a l  2 ) .  The 
Vehicle Address f o r  Subsa te l l i t e  #2 is "101" ( o c t a l  5 ) .  L e f t  
information b i t  is  t ransmit ted first. 

L 

6.0 SYSTEM ADDRESS 

Tne System Address for both Subsa te l l i t e s  i s  "110" ( o c t a l  6 ) .  
Left infornat ion b i t  is t ransmit ted first.  

/ 

7.0 MESSAGE FON4AT 

7.1 Real-Time Cwanands 

FIGURE 2. 

RTC (real-time conqand) message b i t s  are s h i f t e d  i n t o  t h e  Subsstel-  
l i t e  discriminator/decoder s e r i a l l y ,  b i t  1 f i r s t  and sequent inl ly  
through and includlng b i t  12 a,t a noninal r a t e  of 200 messge 
(information) b i t s  per second. 

There are a t o t a l  of 24 commmds t h a t  are implenented including 
5 spare  comnands and 2 prefl ight  test commands. 

. 
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INFO BITS OCTAL 
7 8 9 10 11 12 COMMAND* 

0 0 0  0 1 0 2602 
0 0 0  1 0 0 2604 
0 0 0  1 1 1 2607 
0 0 1  0 0 0 2610 
0 0 1  1 0 1 2615 
0 0 1  1 1 0 2616 
0 1 0  1 0 1 2625 
0 1 0  1 1 0 2626 
0 1 1  0 0 1 2631 
0 1 1  0 1 0 2632 
0 1 1  1 0 0 2634 
0 1 1  1 1 1 2637 
1 0 0  1 0 1  2645 
1 0 0  1 1 0 2646 
1 0 1  0 0 1 2651 
1 0 1  0 1 0 2652 
1 0 1  1 0 0 2654 
1 0 1  1 1 1 2657 
1 1 0 0  0 1  2661 
1 1 0  0 1 0 2662 
1 1 0  1 1 1 2667 
1 1 1  0 0 0 2670 

B 0 1 0  0 0 0 2620 
B 0 1 0  0 1 1 2623 

z 

7.2 Real Time Command List 

FUNCTION 

PHA THRESHOLD HIGH 
PHA THRESHOLD LOW 
CALIBRATE ON 
CALIBRATE OFF 
TRANSPONDER ON 
TRANSPONDER OFF 
EXPERIMENT/DATA POWER ON 
EXPERIMENT/DATA POWER OFF 
HIGH VOLTAGE OFF 
HIGH VOLTAGE ON 
UNDERVOLTAGE PROTECTION OUT 

UNDERVOLTAGE PROTECTION IN 
REAL TIME DATA MODE 
MEMORY READOUT MODE 
TELEMETRY STORE NORMAL 
TELEMETRY STORE FAST 
SPARE 
AUTOMATIC CYCLE MODE 
SPARE 
SPARE 
SPARE 
SPARE 
Pre-Flight Test Control-On 
Pre-Flight Test Control-Off 

*Octal commands i n d i  cate vehi c l e  address f o r  subsatel 1 i t e  #1. To 
obtain the octal  codes f o r  subsa te l l i t e  #2, octal 2602, fo r  example, 
beccxs  5602, etc. 

d 

Figure 3 

-6 - 
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8.0 VERIFICATION CODE FORMAT 

B 
B 

The following codes are  transferred by the command decoder t o  the 
Data Handling System which are  injected i n  the PCM format. 

MESSAGE 

Decode r S t a n d by 
Valid Command Verified 

I I I 

FIGURE 4. 

NOTE: Bit 1 (most s ignif icant  b i t )  i s  transmitted f i r s t .  

9.0 COMMAND FUNCTIONAL DESCRIPTION 
The normal subsa te l l i t e  response to each command i s  descri.bed i n  
this section. 

9.1 PHA Threshold High  - The minimum threshold o f  the solid s t a t e  telescope 
pulse height analyzer i s  s e t  to  the h i g h  level.  
detectable par t ic le  energy t o  nominally 20 kev. 

This raises the minimum 

9.2 PHA Threshold Low - The m i n i m u m  threshold of the solid s t a t e  telescope 
pulse height analyzer is  s e t  t o  a low value, established on the basis 
of pre-fl ight calibrations.  

9.3 Calibrate ON - T h i s  command performs three functions: 1 )  The an t i -  
coincidence logic i n  the e lec t ros ta t ic  analyzer i s  inhibited enablins 
background pulses to  be counted. 
s t a t e  telescope PHA i s  shif ted such tha t  counts from a radio aciive source 
are  detected. 
sensors as a calibration o f  the sensor level.  
used i n  real time or telemetry s tore  modes. 

2 )  The discriminator level in the sol id  

3)  A known magnetic f i e l d  i s  applied to  the magnetometer 
The cal ibrate  mode may be 

9.4 Calibrate OFF - The cal ibrate  mode i s  terminated by this command. 

7 
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9.5 Transponder ON - With an u p l i n k  s igna l  present,  the transmitter turns 
on i n  the coherent tracking mode. I f  the receiver i s  not locked t o  an 
u p l i n k  s igna l ,  the transmitter turns off  automatically. Each time the 
receiver locks t o  an uplink s i g n a l ,  the transmitter will t u r n  on, and 
each time the uplink disappears, the t ransmit ter  turns o f f .  
does not a f fec t  the mode of operation of the subsa te l l i t e  data system. 
I f  the subsa te l l i t e  i s  already i n  a data transmitting mode, this command 
will produce no observable change i n  operation u n t i l  the data trans- 
m i t t i n g  mode i s  terminated. 

3.6 Transponder OFF - The transmitter turns o f f ,  unless i t  has also been 
turned on by a Real Time Data o r  Memory Read O u t  'command, o r  i s  ON i n  
the  data transmitting portion of the Automatic Cycle mode. 
does not a f fec t  the experiment o r  data h a n d l i n g  system mode of operation. 

Experiment/Data Power ON - The low voltage power supply i n  the par t ic le  
detector electronics turns on, supplying power t o  the data handling system 
and t o  the s c i e n t i f i c  instruments. 
i n  the real time data mode of operation, however, the time required for 
actuation of the RTD mode may be up t o  24 seconds from power turn-on 
since the DEU performs the mode change a t  the end of the main frame. 
Since a t  i n i t i a l  turn-on, the D E U  can be i n  any mode, including data 
storage normal, the main frame period may be 2 ,  12, o r  24 seconds long. 
Thus w i t h  t h i s  comnand, the transmitter may come on with modulation a t  
any time from 0 t o  24 seconds .af%er cornand execution. 

This command 

T h i s  comnand 

B 
9. 7 

Power applied to  the DEU will  r e su l t  

9.8 Experiment/Data Power 'IIFF - The low voltage power supply i n  the par t ic le  
detector electronics turns o f f ,  removing power from the data handliqg system 
and the s c i e n t i f i c  instruments. Note tha t  removal of power from the DEU 
turns OFF the s a t e l l i t e  clock and time correlation before and a f t e r  power 
interruption will  be disrupted. The power off  comnand should  only be 
used when the battery is  i n  jeopardy of being depleted o r  when powEr 
consumption must be conserved f o r  extended tracking operations. 

a 

-8- 
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9.9 High Voltage OFF - The high'voltage power supply i n  the par t ic le  
detector electronics turns o f f  , removing h i g h  voltaqe from the analyzer 
plates ,  the channel trons and the photomul tip1 i e r  tubes and thereby 
deactivating the e l ec t ros t a t i c  analyzers. 

9.10 High Voltage ON - The high voltage power supply i n  the par t ic le  detector 
electronics turns on, act! vati ng the el  ec t ros ta t i  c analyzers. The hi gh 
voltage must n o t  be turned on except under very h i g h  vacuum or in-flight 
conditions and i s  inhibited from turn-on by the shorting p l u g  d u r i n g  pre- 
f l i g h t  tes t ing.  

9.11 Undervoltage Protection OUT - lne  undervoltage sensing c i r cu i t  i s  inhibited 
from t u r n i n g  off  the transmitter and experiment/data power supply d u r i n g  
an undervol tage condition. W i t h  this command, the battery i s  vu1 nerabl e 
to  i r revers ible  depletion since load protection is removed. T h u s  this 
command should only be sent fo r  emergency diagnostic purposes and as a 
l a s t  resor t  t h a t  r isks  the end of l i f e  of the power system. 

15 - 

9.12 Undervoltage Protection IN - The undervoltage sensing c i r c u i t  i s  enabled 
such tha t  if  an undervol tage condition occurs the undervol taqe c i r cu i t  
turns off the experiment power supply and the transmitter,  i f  on. 
the undervol tage c i r c u i t  enabled , the battery is protected from irreversible  
depletion. 
subsequently recovers t o  an operating level , the experimenvdata power converter 
may be turned on by the command sequence octal 26 (Experiment/Data Power Off) 
followed by Octal 25 (Experiment/Data Power O n ) .  No response w i t h i n  24 
seconds would indicate the battery i s  s t i l l  i n  an undervoltage condition. 
I f  the transmitter was on due to  transponder on command when the under- 
voltage occured, the transmitter can be turned on aga in  i f  the battery 
has recovered by Transponder Off command followed by, Transponder On. No 
response t o  this sequence indicates the battery remains i n  a low voltage 
condition. I f  the battery i s  i n  an undervoltage condition, the experiment/ 
data power supply and/or the transmitter can be turned on only by command 
Undervoltage Protection O u t  and then the two command sequences given above. 

W i t h  

If  an undervol tage condition occurs and the battery voltage 

9.13 Real Time Data Mode - The DEU switches to  the real time data mode of 
operation. 
a t  the end of a main frame of data,  thus there can be a delay of  up t o  the 
main frame period of the exis t ing mode when the command was sent  which 
means up t o  2 seconds i n  the MRO mode, 12 seconds i n  the TSF mode, o r  24 

Note t h a t  mode changes w i t h i n  and controlled by the'DEU occur 

-9 - 
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9 13 Real Time Data Mode (Continued) 

seconds i n  the TSH mode. The transmitter i s  switched i n  ( i f  Off) a t  
the instant  of mode change with data modulation. In the RTD mode, the 
transmitted b i t  r a t e  i s  128 bps and the frame ra te  i s  0.5 frames per 
second. See the measurement l i s t ,  document No. 16763-40 fo r  de ta i l s  on 
the data format. The subsa te l l i t e  will remain i n  this mode u n t i l  
commanded into an al ternate  mode or  unt i l  an undervoltage condition occurs. 
With an uplink signal present the downlink signal will be coherent w i t h  
the u p l i n k  w i t h  the addition of the 32.768 KHz NRZ-M bi-phase modulated 
subcarrier.  

9.14 Memory Read O u t  Mode - The DEU switches t o  the Memory Read O u t  (MRO) mode 
o f  operation. 
previous operating mode, t h u s  a delay of up t o  24 seconds may occur before 
the mode change. 
( i f  o f f )  w i t h  data modulation i n  the stored data format. The subsa te l l i t e  
remains i n  t h i s  mode u n t i l  the end of memory pulse occurs a f t e r  256 main 
frames of data (512 seconds) and the subsa te l l i t e  switches t o  an i d l i n g  
mode w i t h  the transmitter off and awaits a command t o  an active mode. I n  
the i d l i n j  mcrde, the sc i en t i f i c  instruments and data handling system are 
powered b u t  the DEU i s  not processing any data. 

The mode change occurs a t  the end of a main frame of  the 

A t  the change to  MRO mode the transmitter turns on 

9.15 Telemetry Store Normal - The DEU switches to  the telemetry s tore  normal 
The mode change occurs a t  the end of the main frame of the (TSN) mode. 

previous operating mode, thus there may be a delay of up t o  2 seconds 
normally, or up t o  12  seconds i f  the previous mode is  Telemetry Store Fast. 
The transmitter will t u r n  o f f ,  i f  on previously, unless the Transponder On 
(octal 15) command has been sent whereby the transmitter would remain on 
i n  the presence of an u p l i n k  signal.  In the TSN mode, the data i s  being 
stored i n  the memory a t  an 8 bps ra te .  The subsa te l l i t e  remains i n  this 
mode f o r  256 frames of 24 seconds each (6144 seconds) a t  which time the 
end-of-memory pulse occurs and p u t s  i t  into an i d l i n g  mode. 

9.16 Telemetry Store Fast - The DEU switches to  the Telemetry Store Fast (TSF) 
mode i n  the same manner as w i t h  TSN command. In  tHe TSF mode, the data i s  
stored i n  the memory a t  16 bps and the subsa te l l i t e  remains i n  this mode 
for 256 frames of 12  seconds each (3072 seconds) a t  which time the end-of- 
memory pulse occurs switching the subsa te l l i t e  to  an idling mode and holds 
the data u n t i l  an a l te rna te  command i s  received. 

rl 
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9.17 Spare 

9.18 B Automatic Cycle Mode - T h i s  command i n i t i a t e s  the automatic cycle of 
preprogrammed operati on. The automati c cycle consists of four modes 
i n  sequence, i d l i n g  mode, Real Time Data, Memory Read O u t  and Tele- 
metry Store Normal. The i d l i n g  mode is the same as Real Time Data, 
b u t  w i t h  the data output and transmitter control output inhibited.  

, The modes shall  have periods and sequence as follows: 

1 .  Idling 
2. Real Time Data 

256 seconds 
192 seconds 

3. Memory Read O u t  512 seconds 
4. Telemetry Store Normal 6144 seconds m 

The subsa te l l i t e  will remain in the Automatic Cycle Mode u n t i l  an 
a1 ternate mode command i s  recei ved or u n t i  1 an undervol tage condi ti on 
occurs. 

9.19 Spare 

9.20 Spare 

9.21 Spare 

9.22 Spare 

B 10.0 TRANSMITTER INHIBIT FEATURE 
In the event of a receiver or  decoder fa i lure  i n  the automatic or 
Real Time Data mode, a transmitter i n h i b i t  i s  armed and actuated by 
the most signif icant  b i t  (msb) of the elapsed time clock. 
c i r c u i t  i s  armed by a low-to-hi gh t ransi t ion o f  the msb and .actuated 
by the next high-to-low transi t ion a f t e r  arming. When armed o r  
i n h i b i t e d ,  the c i r cu i t  i s  cleared by any valid command. The i n h i b i t  
will occur i n  a period of 6 to  18 days from receipt of the l a s t  valid 
command. Thus  t o  guarantee tha t  the inh ib i t  will not occur, a valid 
command must be sent within every 6 day time interval .  

The inh ib i t  

d 
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16 763-408 

FOREWORD 

Provided herein is  the P & F Subsatel l i te  Telemetry Measurement 
List and Format. Included are a summary l i s t  o f  measurements, a s ing le  
page data format table and a detailed table  of measurement data. 
detailed table  includes such information as measurement accuracy , range 
un i  ts 
fo r  each measurement. 

T h i s  

description , channel code , sampl i ng  interval , and work locati  on 

T h i s  document has been prepared i n  accordance w i t h  Contract NAS9-1'3800 , 
Exhibit A,  Paragraph 4.6.4, and Exhibit C Document Table item 40. 

A Revision A incorporates the changes ident i f ied d u r i n g  the Crit ical  
Design Review (CDR)  o f  July 14 and 15, and of subsequent agreements w i t h  
the NASA/HSC Experiment Manager. Revision A also incorporates the changes 
from HSC and PI review o f  the f i r s t  version of Revision A as ident i f ied 
a t  the September Management Review. 

B Revision 3 incorporates changes of ECP-013 wh-ich consist of use of 
two spare telemetry channels t o  obtain valuable data from o r b i t ,  inclusion 
of additional clarifying information, p l u s  correction of a transportation 
error .  
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PARTICLES AND FIELDS SUBSATELLITE 
MEASUREMENT LIST 

16763-40A 

1. 

2. 

3. 

SCOPE 

Provided herein is  the Measurement List of the Part ic les  and 
Fields Subsatel l i te .  T h i s  document includes the l i s t  of measurements, 
the da ta  format, and other pertinent information necessary for  the 
reduction and analysis of the telemetered da ta .  

COMPOSITE LIST OF MEASUREMENTS 

Table 1 presents a composite l i s t  of measurements. Included are  
the measurement number, the measurement t i t l e ,  the channel code, and 
the main frame word location. Measurements which have the same word 
number are e i ther  subcommutated o r  are s ingle  b i t  bi-level measurements 
which form p a r t  o f  an 8 b i t  word. 
from the measurement l i s t ,  Table 2. 

NEASUREMENT LIST 

Detailed locations are  obtained 

The measurement l i s t  i s  presented as Table 2 and includes the format 
location, measurement table ,  measurement number, channel code, the sample 
interval in each mode, a measurement description, the uni ts ,  maximum and 
minimum values, nominal accuracy and comments including scale fac tors ,  
accumulation times and other relevant information. 

3.1 Presentation 

The measurement l i s t  i s  presented i n  blocks of 8 b i t  words in the 
order t h a t  they appear i n  the main frame. 
duplication, super-commutated measurements a re  l i s ted  a t  each word 
position t h a t  they appear. 
contiguous w i t h  the f i r s t  appearing subcommutated word. 

A. Format Location 

A t  the expense of 

Subcommutated measurements are  l i s t ed  

The format may be considered t o  be a 32 column by 8 row matrix 
w i t h  a word number designating the column and a frame number 
designating the row within the matrix. 
matrix i s  an 8 b i t  word. 

Each element o f  the 
When each b i t  i s  a separate measurement 

the b i t  is so 
word sequence 

ident i f ied.  
(row). 

A main frame i s  considered as  one 32 

d -1 - 
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Page 2 ,  Paragraph G. Comments. 

Add 
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the following sentence: 

Detailed ipformation concerning telemetry calibration 
data is  contai ned i n  the i ndi v i  dual subsatel 1 i t e  
Telemetry Gal i bration Report dbcuments , No.. 16763-30. 
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B. 

C. 

D. 

E. 

F. 

G. 

The format location i s  designated by a word number (W-), a frame 
number ( f  - ), and b i t  number ( b  - ), when applicable. 
the frame le t ter  or b i t  l e t t e r  indicates that  the measurement 
appears i n  a l l  frames or  fo r  a l l  8 bits respectively. 
WB-fl/f4/f5/fB/bO indicates word #8 and tha t  the same measurement 
appears i n  frames 1,4,5, and 8 and the -bO indicates tha t  a l l  8 
b i t s  of  tha t  word comprise this particular measurement. 
Measurements tha t  are  sub-commutated o r  only appear i n  specific 
modes are  l isted separately with the same word number b u t  w i t h  
the appropriate frame number or mode identification. 
measurements which have a different  samDle interval , depending 
on the i r  position i n  the data format, are  distinguished by a 
separate l is t ing w i t h  the appropriate sample interval.  
Measurement T i t l e  

The  t i t l e  designated to  the measurement is  l i s t ed  fo r  
i dent i f i cation. 

A "O" following 

For example, 

Like 

Measurement Number & Channel Code 

The measurement number and channel code a re  as designated by MSC. 
Sample Interval 
The sample interval l ists  the period i n  seconds between recurring 
samples of the particular measurement. These are l i s t ed  for each 
telemetry mode of the subsatel l i te .  
measurement i s  not sampled direct ly ,  not applicable ( N / A )  i s  l i s ted .  
The sample interval i s  useful in establishing the time scale for  
data plotting. 
Measurement Description 
The measurement description briefly describes the nature of the 
particular measurement. 
Units, Maximum & Minimum Value and Accuracy 
The  units, maximum and m i n i m u m  values are  l i s t ed  i n  the appropriate 
columns. 
Comments 
The comments include information necessary fo r  and relevant to  
converting the 8 b i t  word to  engineering o r  sc ien t i f ic  units. 

In modes where the particular 

a 

The accuracy i s  the nominal measurement accuracy. 

d 
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4. DATA FORMAT 
4.1 Definitions 

A. Measurement I den t i  f i cation 
The f i r s t  l e t t e r  denotes the subsystem wherein the measurement 
originates. 

D - Data Handling 
C - Communications 
E - Electrical Power 
S - Scient i f ic  Instrumentation 
T - Sun Sensor 

The next two characters are discrete numbers l i s t ed  sequentially 
w i t h i n  each subsystem. 
The l a s t  l e t t e r  indicates the telemetry format as follows: 

D - Dump da ta  format only 
R - Real time data format only 
B - Both  formats 

B. Channel Code 

The f i r s t  number i s  the normal da ta  dump format sample interval 
i n  seconds. The l e t t e r s  define the channel type: 

A - Analog (0-5VDC) 
DP - Digital ,  parallel  
DS - Digital ,  se r ia l  

The l a s t  number i s  the channel code number. 
The dash number indicates the b i t  location for parallel digi ta l  
words less  t h a n  8 b i t s  i n  length. 

4.2 Data Format - The Data Format i s  presented in Table 3. 

d 
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TABLE I .  COMPOSITE LIST OF MEASUREMENTS 

Meas. No. Measurement T i t l e  
Data System Measurements 

DO1 B 
D02B 
DO 3B 
D04B 
D05B 
D06B 
D07B 
DOSB 
D09B 
D1 OB 
DllB 

L D12B 

Sync Word 1 
Sync Word 2 
Sync .Word 3 
Subsatel 1 i t e  I .  D. 
Data Format (R/T or Dump) 

,Auto o r  Manual Mode 
Calibration (ON o r  OFF) 
Elapsed Time, Coarse 
Elapsed Time, Fine 
Frame Count 
B i t  Rate 
2.56V Calibration Voltage 

7.d 

Command System 74e;;urements 
CO1 B 
CO2B Receiver Signal Present 
CO 38 Receiver Loop Stress  
Science Measurements 

Command Val i d i  t y  

SO1 D 
S02D 
S03R 
SO4B 
SO58 
S06B 
S07B 
S08B 
S09B 
S1 OB 
SllB 
51 2B 
S13B 
S148 

B S15B 
S16B 
S17B 
S18B 
S19B 
S20B 
S21 B 
S22B 
S23B 
S24B 
S25B 
S26B 
S27B 
S28B 

Magnetometer Transverse Mag. ( BTM) 
Magnetometer Time Delay ( T  ) 
Magnetometer Transverse Ou!! (BT) 
Magnetometer Parallel  O u t  ( B  ) 
Magnetometer Range I .  D. ( R t ) P  
C l  Detector C o u n t  
C2 Detector C o u n t  
C 3  Detector Count  
C4 Detector Count  
C5 Detector Sector I Coun t  
C5 Detector Sector I1 C o u n t  
C5 Detector Sector I11 Count  
C5 Detector Sector IV Count 
Curved Plate Voltage Monitor 
Zero Gamma Reference 
Open Telescope, Channel 1-4 C o u n t  
Shielded Telescope, Chan. 1-4 Count  
Open Telescope, Channel 2 Coun t  
Shielded Telescope, Channel 2 C o u n t  
Open Telescope, Channel 3 Coun t  
Shielded Telescope, Channel 3 C o u n t  
Open Telescope, Channel 4 C o u n t  
Shielded Telescope, Channel 4 Coun t  
Open Telescope, Channel 5 C o u n t  
Shielded Telescope, Channel 5 C o u n t  
Open Telescope, Channel 6 C o u n t  
Shielded Telescope, Channel 6 Count 
Telescope I.D. (Open o r  Shielded) 

Channel Code 

2DP1 
2DP2 
2DP3- 1234 
2DP4-5 
2DP4-6 
2DP4- 7 
2DP4-8 
192DSl 
192DS2 
2DP3-5678 
192DP1-4 
2A2 

2DP4-1234 
2DP5-1 
2A1 

24A1 
24DS5 
24A1 
24A2 

12DSl 
24DS4 
24DS6 
24DSlO 
24DS1 
24DS3 
24DS7 
24DS9 

192A5 
4051 
4DSl 
24DS2 
24DS2 
48DSl 
48DS1 
48DS3 
48DS3 
48DS2 
48DS2 
48DS4 
48DS4 
192DP1-2 

192DP1-1 

1 9 2 ~ 8  

Main Frame 
Ward Number 

Wl 
w2 
w3 
w4 
w4 
w4 
w4 
w10 
W26 
w3 
w10 4 
W18 

w4 
w19 
W17 

W6 
w22 
W6, W22 
w7 
w10 
W9, W25 
W15 
W23 
W31 
w5 
W13 
w21 
129 
W26 
w10 
W (  8,12 , 1 6,24 , 28,32) 
W (8,12,16,24,28 , 32) 
w11 
w11 
W14 
W14 
W14 
W14 
W30 
W30 
W30 
W30 
w10 

n 
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Meas. No. Measurement T i t l e  

S29B Open Telescope Det. Temp. 
S30B Shielded Tele. Det. Temp. 
S31 B 
S32B PHA Threshold 
S33B Spare 
S34B Magnetometer Temperature 
Sun Sensor Measurements 
TO1 B Sun Pulse Delay 
T02B S p i n  Count 
T03B Sun Elevation Angle 
T04B Sector Period 
T05B Sun Sensor Polarity 
Electrical  Power Measurements 
E02B Solar Array Current 
E03B Battery Voltage 
EO4B Battery Current 
E05B Battery Temperature 
E06B Low Voltage Monitor 
E08B Undervol t. Protect1 an IN/OUT 

Magnetometer Range ( R  ) P 

d -5- 

Main Frame 
Channel Code Word Number 

192A9 w10 
192A10 W26 
192DPl-3 WlO 
192DPl-6 w10 
192DPl-7 W10 
192A1 w10 

24DS8 W27 
192DS4 W26 
192DS3 w10 
192055 W26 
192DPl-5 w10 

192A2 
192A3 
192A4 
192A7 
192A6 
2DP5-2 

W26 
w10 
W26 
w10 
W26 
1/11 9 
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Page 9 I 

1) Measurement No. T03B: Change comment t o  read; 

3 "See .Gal i brat i  on Report for each subsatel 1 i t e  for interpretat ion 
o f  data. I' 

2) Measurement No. s3'4& and 3)Measurement No. E03B: Change comment t o  read: 

"See Cal i brat i  on Report for each subsatel 1 i t e  for  exact telemetry 
cal i b ra t i  on r.ange. I' 
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SPEClFlCkllON CliilNGE 
Page 10 
11 Measurement No. S15B: Change comment t o  read: 

" O u t p u t  t o  be used fo r  Zero Gamma reference value. See 
Cali b r a t i o n  Report fo r  each subsatel 1 i t e  f o r  exact 
nomi nal Val ue. I' 

2)  & 3) Measurement No.s E05B and S29B: Change comments t o  read: 

"See Cal i brat i  on Report for each subsatel 1 i te- for - exact telemetry cal i brat i  on range. 'I 
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Page 14 

1) Measurement No. C03B: Change comment t o  read: 

"Deviation from center frequency i s  nominally lKHz/count. 
See Calibration Report fo r  each subsa te l l i t e  for exact 
telemetry cal ibrat ion range." 

2)  Measurement No. D12B: Change comment t o  read: 

"See Cali b r a t i o n  Report .for each subsatel 1 i t e  .for exact nominal 
value. " 
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SPEC IF ICATi 0 N CHANGE 

Tm = l b i n a r y  count) + 0.0156 
Y :. - 0 

_ _  32 r :  

Measurement No. S03R; Change comment t o  read: 

''In RTD mode only. Same as W6-fO-bO. See CaIib?a'tisn Report 
for each subsatel 1 i t e  for exact telemetry cal i bra t i  on range. I' 
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Measurement No, E02B: Change comments to read: 

See Calibration Report for each S/S for exact TLM calibration range. 
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heasuremerit NO. E04B - Change comment t o  read: 

"See Calibration Report f o r  each S/S f o r  exact  TLM cal ibrat ioh range." 

')Measurement No. E06B Change comments t o  read: 

"Scale Factor: 20 mV per b i t .  See Calibration Report f o r  each S/S f o r  
exact nominal value". 

) Measurement No. S14B - Ghange comments t o  read: 

"Scale Factor: 20 mV per b i t .  See Calibration Renort f o r  each S/S 
f o r  exact nominal value". 

) Measurement No. S30B Change comments t o  read: 

"See Calibration Report f o r  each S/S f o r  exact TLM cal ibrat ion range." - 
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One Space Park ~- NOTICE 
Redondo Beach, Calif. D P ~ E L ~ ~ \ ~ ~ N A % Y  a FINAL DATE 7/27/71 

SPEC IF ICATI 0 N CHANGE 

90278 
1 I 

f TXACT KU,‘.\iEZ ECPNO, SCN NO. REVISION 
NASI)-1 0800 NA 1 N C  

SPECIFICAITICN NUt’.:3E,3, TiTLE AND DATE I 

S164, S173, S174 16763-40B; P&F Subsatel 1 i t e  Measurement List 
APP2GVAL AUTtiO R I iY FILE’ OP70SITE SPECII:ICE;TION 

PAGE 1.10. 19 - MSC TWX #BC341 /T184-71 /L90 o f  7/27 
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1) Measurement No. TOlB Change comment t o  read : 

T, = Binary Counts 
+ .0156 32 . 
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